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(54) Title: PEPHDES AND ANTI-SENSE PEPTIDES WITH BROAD NEOPLASTIC SPECinClTY 
(57) Abstract 

An analogue peptide comprises the variable regions of the light or heavy chains of an antibody of a first species selectively 
binding to a tumor antigen, such as a carcinoma antigen, has 1 to 46 amino acids of the framework regions per chain substituted 
with amino adds such as those present in equivalent positions in antibodies of a spedes other than the first spedes, or fragments 
thereof comprising 1 to 3 variable region CDRs per chain and optionally flanking regions thereof of I to 10 or more amino adds, 
alone or with an N-terminai fragment of I U) 10 or more amino adds, combinations or mixtures thereof. The polypeptide may al- 
so comprise an effector agent and/or be glycosylated, and is presented as a composition with a carrier. The analogue peptides are 
used in diagnostic kits for neoplasms such as carcinomas and methods for in vivo imaging and treating a primary or metastasized 
neoplasm such as a cardnoma, and in vitro diagnosing a neoplasm, ex vivo purging neoplastic celb from a biological fluid. 
RNAs and DNAs encode the analogue peptide, and a hybrid vector carrying the nudeotides and transfected cells express the 
peptides and a method produces the analogue peptide. An anti-ldiotype polypeptide comprises polydonal antibodies raised 
against an antineoplastic antibody or the analogue peptide of this invention, monodoniaJ antibodies thereof. Fab, Fab', (Fab^ 
CDR, variable region, or analogues or fragments thereof, combinations thereof with an oligopeptide comprising a TRP tri- 
mer, tandem repeats thereof, or combination or mixtures thereof. An anti<idiotypc hybrid polypeptide with an effector agent 
and the anti-idiotype polypeptide, an anti-neoplastic vacdne, an anti-neoplastic vaccination kit, a method of vacdnating 
against neoplasms such as carcinomas and a method of lowering the serum concentration of a circulating antibody or poly- 
peptide arc provided. 
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FEinDES AND AMTI-SENSE PETTIDES WITH BROAD NBOPLASTIC 

SPBCXFICITY 



RArif r;RnilND OF TH E INVENTION 

Fi^ld of th ** invention 

This invention relaxes to the in vnro and in vivo diagnosis, 
immunization, and therapy of neoplastic tumors, particularly carcinomas, by 
5 means of specrfically targeted analogue peptides comprising amino acid 
seauences encompassing the complementarity determining regions (CORs) of a 
different species, and analogues of the variable (FJ region of anti-carcinoma 
antibodies, among others. The carcinoma specific peptides for use in one 
species, e.g., humans, are provided as a single amino acid chain having the 
0 specificity of F, regions obtained in different species, e.g.. murine antibody F, 
regions of the light or heavy chains, or as paired chains. These peptides are 
provided either by themselves or bound to other molecules such as synthetic 
polymers or oligopeptides resulting in sequences of mixed species, and more 
panicutarly analogues of human/non-human chimeric antibodies or other 
5 polymeric constructs. The analogue peptides comprise seauences derived from 
the variable regions of heterologous antibodies specific for, e.g., human 
carcinoma antigens that elicit a lesser immunological response in humans than 
the whole heterologous antibodies. The anti-idiotype polypeptides and their 
analogues are suitablo for immunizing humans or other animals against 
0 carcinoma. Polynucleotide segments encoding the analogue peptide and anti- 
idiotype polypeptides, and hybrid vectors and iransfected host cells carrying the 
segments are useful for preparing the peptides disclosed herein. 

D^ ^(;riptinn of the Background 

Carcinomas result from the carcinogenic transformation of cells of 
different epithelia. Two of the most damaging characteristics of carcinomas are 
their uncontrolled growth and their ability to create metastases in distant sites 
of the host, particularly a human host. It is usually these distant metastases that . 
cause serious consequences to the host, since frequently the primary carcinoma 
may be. in most cases, removed by surgery. The treatment of metastatic 
carcinomas, that are seldom removable, depends on irradiation therapy and 
systemic therapies of different natures. The systemic therapies currently 
include, but not fully comprise, chemotherapy, radiation, hormone therapy, 
different immunity-boosting medicines and procedures, hypeahermia and 
systemic monoclonal antibody treatment. The laner can be labeled with 
radioactive elements, immunotoxins and chemotherapeutic drugs. 

Radioactively labeled monoclonal antibodies were initially used with 
success .n lymphomas and leukemia, and recently in some carcinomas. The 
concept underlying the use of labeled antibodies is that the labeled antibody will 
specifically seek and bind to the carcinoma and. the radioactive element, through 
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■ „ situ" ' Sinc'e radioacve «ys navel some 

„„,.al issues. ,hat could be do. , ^^^^^^^^^ ^^^^^^^^ 

e«ec. on ^Cona, ao.od.s a v.d 
than desirable, and the use <" 

alternative. .^^^^pes have been used for 
Non-human a«,bod,e5 raised J 

tne diagnosis and d,er,py of "'-""^^^.^^ monoclonal antibodies, examples 
theme.nodsforpr.p.rin,bo*PO.VC.on..'n - ^^^^^ 

tne latter are BrE-Z, BrE-S and KC-4 le.g.. 
5.075.219 and 4.708.930.. ^ antigenic 

.^,0.. . neop-as. 

aetarminant. xhe -antigen. ssue (U.S. Patent No. 4.708.930 to 

carcinoma cells and no, to normal ^'^'"^^^^L^^ c onlv tf,e smaller 

CouKer,. ^l^-ntgen appears in two form, jn ca^^^^ ^, .„ger fom, appears 

of these forms being expra"'" " molecular weight 

onlv in the cvtopi - -s „ , ,,her densitv o, 

,„„,e of 480.000-5, 0.000,. The """^ '^/^^^^^^^ „,cinoma cells 

'--•-°-.-:r::rr:-- „.nge of 330,000. 

and has an app.o»m... 438 K alto ^^^^ ^^^^^.^^ ^, ^„„„„ 

.50,000, as determined ^^^^ ; , „ ...nosis and medical 

molecular weights. Ubel«. '^"=-; 2;;;3,.„„„rcinom. and squamous cel. 
,5 treatment o. various carcinomas, parfc^adv 

carcinoma regardless of , J, 3.,,, ,,990. US paten. 

The BrE-3 anybody IP.terson et al.. Hyb .^^ ^^^^ 

.p.5.075,a,9,w.sshowntob.dto^tan.m.^^^^ 

o, human breast epithel.al mucn. Wh ^, 
30 presence of more tandem '''-- '''^ ' •^^ J preferentially to 

antibody increases. Thus. .„ „„«,vcosy,ated form of 

„eoplas.c carcinoma tumor. ^^-^'^^^ .p«,e„al dssue. This 

the breest epithelial mucin that ^^^^^ „. epitope for 

preferential binding combined ^ - observed ^^^^^^ ^^^^^^ 

3S Iseantibodiesinthecirculationoc^.--^^^ 

patients, maices antibodies hav.ng specrficrty „,i„,„„„„oconiugate proved 
,0, carcinoma radioimmunotherapy. ^^^^^^^^^^ „ice. 

highly effective against human breast carcm ^^^_^^^^„„„„„i„g„e ,0 
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aomaio, .European Paten, AP - ^, p,ccedur 

^echmann. et a... "^^^"^ „ in imperfec^v -human^e 

determined primari-V - f^^^^ ,„„d to be invoiced in 

3,«„„,h some neiOhborin, <^^^ 59:43^73 .1990,,. 
antigen binding .Oavies. e, a... A""" expanded the u.„«v 

The technologies of „ ,.3„ switched mo.ecu.es 
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^..sefunctionaiitv has been .mproved b^ ^^^^ 3, „ 
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„o«, an IgM ,o an .9G. or by removing mos. of .ha heavy and Mgh, chain 
constant regions ,0 form an F. antibody. Common to all of these potentially 
therapeutic fomis of antibody are the required complementary determmmg 
regions (CDRsI, v^hich guide the molecule to its ligand. and the framework 
5 residues (FRsI which support the CDHs and dictate their disposition relative to 
one another. The crystallographic analysis of numerous antibody structures 
revealed that the antigen combining site is composed almost entirely of the COR 
residues arranged in a limited number of loop motifs. The necessity of ti,e CDRs 
,0 form these structures, combined with the appreciated hypervariability of the,r 

1 0 primary sequence, leads to a great diversity in. the antigen combining site, but 
one which has a finite number of possibilities. Thus, its hypermutability and the 
limited primary sequence rep.noire for each CDR would suggest that the CDRs 
derived for a given antigen from one species of animal would be the same 
derived from another species. Hence, they should be poorly immunogenic, if at 

1 5 all. whan presented to a recipient organism. 

Accordingly, there is still need for a product of high affinity and/or 
soecif.ci.y for carcinoma antigens suitable for the detection and therapy of 
carcinomas which elicits a lesser antibody response than whole non-human 
antibodies or chimeric antibodies containing, for instance the entire non-human 

20 variable region. 

<!lfMMAHY OF THF II^VENTION 
This invention relates to an analogue peptide and its glycosylated 
derivative which specifically and selectively bind to the human mammary fat 
globule (HMFG) antigen and to an antigen found on the surface or in the 

25 cytoplasm of tumor cells such as carcinoma cells or that is released by the cells, 
the analogue peptide consisting essentially of at least one variable region of the 
light or heavy chains of an antibody of a first species having affinity and 
specificity for an antigen found on the surface or the cytoplasm of a carcinoma 
cell or released by the cell, wherein preferably about 1 to at least 46 ammo acds 

30 in the FR are substituted per chain with amino acids selected from the group 
consisting of amino acids present in equivalent positions in antibodies 6f a 
species other than the first species, or fragments thereof comprising 1 to 3 CDRs 
per chain or 1 to 3 CDRs plus flanking regions thereof, each of about 1 to a. 
leas. 10 amino acids, alone or with an N-terminal fragment of about 1 to at least 

35 10 amino acids, combinations fliereof or combinations thereof wth other 
variable regions or analogues thereof, wherein each analogue peptide .s 
operatively linked to at leas, one other peptide or analogue thereof, or mixtures 
thereof. 
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Also provided herein are a fusion protein and a hybrid polymer comprising 
the analogue of the invention, the corresponding DNAs encoding them, hybrid 
vector thereof, transfected host thereof, and RNA. 

This invention also encompasses a method of producing an analogue 
5 peptide or hybrid analogue peptide by recombinant technology, in vitro methods 
of diagnosing and immunohistochemistrv of tissue slices, an ex vivo method of 
purging neoplastic cells, and in vivo methods for imaging and therapy of 
neoplasias such as carcinomas. 

Also disclosed herein are anti-idiotype polypeptides comprising polyclonal 
10 antibodies raised against the analogue peptide of this invention, analogues 
thereof, monoclonal antibodies thereof, fragments thereof selected from the 
group consisting of Fab. Fab'. (Fab'», . CDRs. variable regions and analogues 
thereof as described above, combinations thereof operatively linked to one 
another, an anti-carcinoma vaccine, a vaccination kit. a method of vaccinating 
15 against neoplasias including carcinomas, and a method of lowering the serum 
concentration of circulating anti-tumor antibody with the anti-idiotype 
polypeptide of this invention. 

Other objects, advantages and features of the present invention will 
become apparent to those skilled in the an from the following discussion. 

20 DESCRIPTION OP THF PREF Pqflpn FfVlBQDIMENTS 

This invention arose from a desire by the inventors to improve on 
antibody technology suitable for use in diagnostic, prognostic, vaccine and 
therapeutic applications in the field on neoplasmas and cancer. The present 
invention wilt be described for application to humans. However, it is also 

25 suitable for use in other species. The monoclonal antibodies obtained up to the 
present time have been prepared by fusing immortalized cell lines with B-cells of 
non-human origin such as murine, rat. rabbit, goat, and the like. Many of these 
hybridomas can produce large quantities of monoclonal antibodies that have 
desirable binding properties such as high affinity and/or specificity and seleaivity 

30 for carcinoma antigens of a species, e.g.. for human carcinoma antigens. 
— However, in general, antibodies from other species, e.g.. non-human antibodies. 

may only be administered once to a subject of a predetermined species, e.g., 
humans, due to the detrimental effects they produce. This is true for most 
heterologous antibodies being administered to mammalian animals. For example. 

35 the repeated administration of murine antibodies to a human subject elicits a 
strong human anti-murine antibody (HAMA) response, which precludes their 
funher utilization as therapeutic agents in humans. These non-human antibodies 
initiate an immediate adverse reaction in many human patients and are, thus. 
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xenogeneic species. ^^^^^^^^^ p^,p3,3,on of 

The present .nventors, thus. antibodies, 
human CDRs and non-human vanable regions 
antitumor non-human Luns 

1 5 cvioplasm of a hur..n neoplastic cell s ^^^^ 

.e cell. w.e,eln a.o. 1 -o .6 . o.e, 

substituted per chain with am,no acds present . 0 ^^.^ ^ 

.„n,an antibodies, or .a,n,ents thereo. '^'"'''^'^l^jj^^^^ , , „, „ere 

„ 3 CORs per chain plus .lan.n, regions thereof, each o abo ^^^^ 

::r::r..hdin.peci.^^^^ 

.un,ans, the present invention --'-"^ ^^^^^^^ ^ „,er species 
,„heveriablere,:cnso.lishtand/orheavvch ,^0^30 ^ ,^ 

antibodies, among others. Hetero 9 ^ ^^.^^ 

"1:°".."".':— «. — ■■• 

glycopolypeptides that are loio sequence are 

perturbed or excised, the folding ^ „„ .^i^ody must be made 

.nus,anvde,e.onoimodi..«^^^^^^^^^^^^ 

takingintoconsiderationthatitsfoldingaep hough the amino 

even obliterated i. the folding is substantially affected. 
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T^e presem inventors selected .he fo^ .^^^^^^^ 
„..3C..e 0. .e an3,o.e ^^:Z. .av .e o..ne. . 
CONAS «,3. encode the ^ ^e'land «v,.e uansc.P^on c.tne a,RNA. 
5 .o,a.on o. .RNA -on, a •'Vb--'^ ^ ,pCR, and insertion o. 

,„p,i«ca,icn o, *e cONA tv P^'^-n ,„,,„e 

,e 0.A into a vector ^ J^trZ^^^^^ 
c.t.n,. ThecDNAsencod.n,^ CD ^^^^^^ ^^^^^ 

„ the light <V.) and heavy .inscribed from isolated 

,0 specHicitv .or a ca^c-™ ^ ;;73^,,„ ^ .„.ed to other seo^ents 

„BNA. The cDNAs encod,n, the CDRs V^^^^^^ ^^^^^ ^^^^^ 

encoding neighboring seouences. and 

„odif.ed P-edesigned ^^^^^^^^^^ „,„,„ces encoding, e.g.. 

„ovo. Cloned into a vector opt.ona.lv ca^ng ^^^^^^^ ^^^^ ^ ^^^^ 

,5 aconstaotregion<s,.op.ona,.vse,uenc«i.and* 

,0. expression o, *e --^-^-^ H^I . aet.,n,ined and compared 
characteristics ot the analogue pep»des may 

„ those of the Whole antibodies. ^^^^^^ ^^^^ ,,3„,,„. 

X-ray crystallograph.c studies ^^.^^^ 
,0 structures o, the P. o< di«erent — .i,,nd speci«ci,v. 

,e«ardless of the specie, o. ''^ l^l^,.,^,,, characteristics of an 

This is generel-y ta.en as evdence relative 
3n.hody con,bining site are J, residues may 

..position Of the CORs. ahhough 'O^^-; J „ entihody 

25 be involved in antigen-h.nd.ng. T ^^^^ 

, ,0 he preserved, its CDR '-^""'"' ^ , the rest of the variable 
„sidues. thei, interaction with ..dies point to .he 

aomains. must also be — ' ,„„.or and inter-domain 

<.e.eat the goa. of decreasing "^;^<^^^ because of the 

number of amino acids that must ^j;; "^ ^^,^3,, Moreover, many, 

35 stri.ingsimilariwb..w chains that are not exposed 

,„otmos,.oftheretainedamino,c^po-^^^^^ ^^^^^^ 
on the surface 0. d^e mo,ec.e an Mhe- ^^^^^ ^^^^ 

3„tigenici.y. C.eer.y, it « , l\Lc 3cids that are exposed to the 
candidates for substitution s,nce.t.s these 
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dittere... antibodies. NeyerthJless. 'conseria.ive de. can be made to 
preserve the amino acids located in FR that have a high probability of contacfng 
.he antigen. These regions are located immediately adjacent to the CDRs and 
a, the N-terminus of both chains, because the surfaces of these reg.ons are 
5 contiguous with the CDR surfaces. 

Surprisingly, it is possible to keep all of these impoaant amino adds .n 
a heterologous humanized antibody and still increase dramatically the similarity 
with a human consensus se<,uence. That is. the final number of amino ac.ds wth 
n,urine idemities differing from human identities that are kept is typically small. 

1 0 This is usually possible because human frameworks that are similar to the munne 
frameworks, especially at the positions of the imponant amino acds. can be 
found. This is because many of the important amino acids have the same 
identities in both murine and human antibodies. 

All the amino acids that are determined to be not important by the 

15 method described above may be completely replaced by their corresponding 
human counterpaas. The surface of the finally humanized antibody should look 
very much like that of a human 'antibody except for the antigen binding surfaces. 
The original shape of those binding surfaces, however, is maintained by leav.ng 
the internal composition of the antibody intact, preserving inter-domam contacts 

20 and by keeping very few key amino acids that contact the CDRs. 
»l Choosing the Best Human Framework to 
Use in the "Humanization" of an Antibody 

r;V"re~ 1 1 Fab structures-tor w.icb tbe atomic 

25 coordir^ates are known and have been placed in the Protein Data Bank as shown 
in Table 1 below. 2 from human and 9 from murine antibodies. 



Table 1 : 



Fab Structures for Which Coordinates 
are in the Protein Data Bank 



ANTIBODY 



80KAH: HCHM 



MORIHC: HcPC«03 
J539 
SyB£L-5 
HyBEL-10 
R19.S.. 

36-71 
B13Z2 
01.3 



RESOLUTION (A) 


R, VALUE 


PDB cooe 


2.0 
1.5 


0.4t 
0.189 


2ra4 


2.1 

1.95 

2.54 

3.0 

2.8 

2.1 

1.85 

2.8 

2.5 


0.225 
0.194 
0.245 
0.24 
0.30 
0.215 
0.248 
.0.1)1 
0.184 


IMC? 

2r8J 

2HrL 

3HrM 
iri9 

€rAB 
IICF 

iroL 
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The contacts betweea sideirhain^ ip^fte v^iab. JoVains me 11 Fabt 
have been collected and are presented in Tables 2 to 4 below. The framework 
(FR) amino ac.ds (aa's) in the V, domains that contact CDRs are listed in Table 
2 below. 



5 Table 2- V, Framework Residues That Contact CDR Residues 

' in Fobs of Known Three-Dimensional Strucrure 



?0StT10t* 



J331 ncrCtOi Hyt1CL-10 KyMEt-S 



jurriBOOt 



11312 01.3 



1 

1 

3 

* 

I 

1 
13 
33 
ii 
)C 

«s 
n 
it 
t) 
sa 

10 
13 
(< 
("» 
(1 
10 
t \ 
!• 
1« 



CLUI3t 



XSt CJI A3K10I C3I 

iLHiSi lutni itrasi 

VI.H3) V*J.(31 V»AI3» 

MrT(*i Lrw(*i Lxodoi 



ur (tt 

IU(3» VAJL(1» 
CLMtl) vjatii 

KETOt KET(13 
TEAtl) TKAiJl 



ur Ml 

ILCdOl VW,tJl 



Krrni KiTCd Hrrti) 



ILXIIOI SCKl3t 
VXLI2I 
UUHt 
TKR{U 



LCUCO 



CtI(H 
T^f (31 
TTfidll 

IKOI3I 
ILtllt 
TTRtia) 

vikLt3» 



CTsm crsd). cratJ) 

TR/tll TM(«1 
TIMLt] TT*|i> TT^tlOl 

LEUHl Lrt)(4» XACllJ) 

Ttudsi LtsdJi Ttmiwi 
vfcLO) iixm wxi.(*j 

SCHOl 

TM(l(31 TK»,(3l 
tT*(l«> fKCdi) fHEtni TTHIill 

rKC(i) ?KC(<) rntnoi rHCtst 



CTStll CTSdI- 
TM 131 

milJl] TT»(13) 
LX(/<S) VXLIL4I 

X3t(3) 
tftCtl) 



TWHl WMI TWCll 
TTHIIO TTIII13J 



CTSIl) 

TW.(15» TTKH 

U:0(M LtUClOl LCOt«l 

IIXt3) ILEtS) VALIU 

rrMJJl tr^cm tt»(23J 

VJtLt*! vMtSI VXLtl) 
A^f ftl 



TM (3) 
TTHdl) 

LtU(C) 
tLXd) 
TTH(25t 

MP (31 



LTS)2) LItSCin 



TKUd) 

JkJPdl 

CTSdl CTSm 



ur (CI 



•SCKdl 
TUMI) 



StKCZ) 



TTMllt fMtini TT1l(l«) XUM3t 
CTSd) CXSdl CI5(ll 
FKCttl fKtUU '«CO> 



CT3 in 
PNC PI 



Those FR in the V, domains that contact CDRs are listed in Table 3 



1 0 below. 



Table 3: 



Vh Framework Residues That Contact CDR Residues 
in Fabs of Known Three-Dimcnsionol Structure 



'***"'*'^,„ -KM) .T^-i« 



VU.ftll TltOI • 

UMiJi imt»i • ■ 

, ^j^^jj, 
Ufllt "1111 11 



cutui 



Alll 



TTtlUI 
TUttt. 

•mill 



. — int 

1MMI Will 

rntiJi 



VUlll "Hillll 
TMIll 



lUllt ! 



Lnill 

tMlllt 
lUUII 



i^nt uKitt 

ewoi cLoi.t ct*»ni 
TfMIII iMcm "* *•» 
IIXIII tuiii 
XtAlll 

JkMUtt ' 

r.tMi Mtii«i , 

tLtiti I"*" ' 

lU;?; USim *«"n 

ti:;" ViVM 

LIOIII ■ 



liliil u-co tniK »*« 



III 



lUlDI 



«U)III 
t«t||«l wttii 
VUII) iixtti 

UAIlt 
MCOl 

rmtittt Trtiil 

T»»MII 
tlXll«l UWI«) 
MMill VlXtll 
Uf 111 

mm UAIll 
UQttI 



CUtll 
tWItll Wlit* 
«U.|]I LXWIll 
kUIll 

jj£in 

(uiin Lcsi«i 

tlillll ItCKI 

LTolil VU,I«I 
tOTtll 



ewiti 

TUIItl T«/U»' 
ItXIII WWU'** 

Mtti ■ Mitt 

•M.IJ1 riiii«i 

MTItl IUI1I 



Mtrii uvtii 



fill 
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. ■ ■ . PGT/t'S93/n^S 

,e FR amine acids.': ma. icontait ^p. W^'" ' 
presumably are The ones mainfy responsible for the quaternary structure of the 
domains are listed in Table 4 below. 



Table 4 : 



Fremcwork Residues That Contact Framcworlc 
Residues in the Opposite Domain in Fabs of 
Known Thrce-Dimensionat Structure 



«tc»J M-".io .r«"-* ^*-" 



■ 1313 



civdt cutfti 
mill TmOt 

mm 



triidii TT»ni 



ruiil 



TTtfJi -mui TTmiJi 
cuttioi cu<«t auf(*) 
cum rMiii' sunt 
»a«aai t«oa<i tKotit- 

mid TW<«i 
fndii »«tni »"ti> 



jnurrto' ,,-,,.1 u».» 'i^" 

! jjJt ticrcMJ fT«cfift 



01. J MM 






TVttll 




CUIIII 




»LAIII 


rMiiit. font 


r«aiiJi 


Jilt nil 




TTHni TT»I*1 




rMC(ii> tuitO) 









11 



t) 



♦..1*1 VU.i'1 VHAMI vkttti V*t(ll WHfll 

iitin ^...mi clmhi cukio 



TWttI 



UC(l) 

USUll U«lltl t«(*» -U»IH) 
Tt»(ii iT*«i TT»tJr t.-i-i ■ — 

TV^IllI T»Mll» went WIUI WMI 
.CUitll 



wJill TMUM Willi twail T»f<i 





tfCWK 






V^Ltll 




CUIMI 


6U(t<l 






M«ati 




ixon^i 


txoiiii 


LCVIll 


rwot 


TWIll 






Tr»<Ji 




ru ail 




nt lit 



The buried, inward-poin.ing FR amino acids in the V, domains, i.e.. .hose 
which are .oca«d in the domain interior, are listed in Table 5 below. 



10 Table 5; 



Inward-Pointing. Buried F,.me«o.k 

the of Fabs of Known Three-Dimensional Structure 



rosrrra* 




Jill 


' ■ 


tit 




Ut« 


< 


CL« 


II 


*■» 


11 


*U 


1) 


■ hX 


11 


ILX 


IJ 


CTI 


a 


T«» 


if 


• u 


41 


t*# 


*t 


lU 


• 1 




• !• 




(t 


LPC 


■ f1 


III 


11 


T¥» 


, 11 


UO 


1 '» 


lU 


t« 


tat 


tl 


u* 


• J 




t* 


UJI 


It 


TT» 


• • 


CTI 


l«l 


n* 


Itt 


IXC 







uniK 

M»C««1 IfUl-lO iT«H-» »^' » 



t(X 
CTI 
T" 

US 

rict 

US 

;u 
ixa 



^CT 


lU 


tu 


ixu 


uu 


CU 


eta 


CLf 


uu 


Ulf 


- ICt 


«tL 








Vl^ 


via 




Ull 


««t 


ni 


eii' 


. CT« 






nuf 


CUI 


cu> 


SUI 


LXU 


xjn 


tw 


■ LX 


tu 


tu 


VU 


[U 


vM. 


MS 


i*C 


UC 




fit 


. !■< 


ttt 


tt£ 


TTT. 




UO 


ua 


tu 


tu 


;u 




VU. 


ia~ 




kit 


ur 


MA 
TI» 


TT» 


UA 
TT» 


CTrt 


CTJ 


CTI 


T»» 


Ta« 


tw 


ICT- 


Ltd 


lUC 


lU 


tu 







wax 


tt£ 
nCT 


MT 
CU> 




U« 


tco 


VIA 


AXA 


kLA 


VU. 


tu 


IL£ 


cr» 


Ct> 


TM 


T»# 


no 


CLM 


ua 


tXQ 


lU 


ILX 


«u. 


WU. 


M£ 




fax 


t*X 


fox 


rrm 


UO 




tu 


ttx 


•u, 


txa 


»i* 


ur 

■ klA 


rm 


cri 


t«Ji 


■m* 


U« 


UO 


ILX 



UD 



VU.. 
(M 
f<X 
fax 

LCD 
tlX 



tu 

cut 
tea 

«*A 



LXTJ 
lU 
US 

«sr 
nc 



•fVH 


BCH. 


ttv 


LtO 


«&■ 




VU, 


UAl 


Vkk 


»x] 


(It 


lU 


C11 


Ctfl 


Tm* 


tan 


Cla 


•ul 


UV> 


U«J 




tul 


r«i 






v»*.. 
*M. 


fU 


rail 


«u 


MAI 


uu 


!«• 


tu 


tu- 




UO 


Mf 


M« 
t«« 


MA 

•CTI 


TT« 

CTJ 


TU* 


t«l 


ua 


VU. 


VU 





Those in the domain are listed In Table 6 below. 
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- peT/UxS93/ll445 



• • • • • 

Table Inward-Pointing, tutied F^arv'wo..- Rt ^" 

the V„ of Fabi of Known Three-D-.-nens.onal Structure 



71 t1 A 


jijt 


tvfCIO J 




t 




v*x 




• 


uu 


Ltd 




1 


CLU 


CL9 


cto 


• 






mo 


tt 
11 


VLI. 


VU. 


vu. 


Ltt) 


LtO 


LtO 


it 


LtO 


LtO 


UO 


J] 


CIS 


CIt 


CTI 


1 i 


HJ^ 


T«» ' 


vu. 


3 1 


tKC 


tKX 


Air 




f ■! 


tmt 


Itt 


]| 


Tir 


TW 


T«/ 


^1 


uc 


>M 


JJ£ 


40 
4 1 




CLO 


CUI 




tu 


tu 


r=T 


4t 




AU 




(( 


tTl 


U£ 


*M 

tu 


11 


rat 


r*c 


l« 


tu 


VJiL 


ILK 


11 


t*c 


ijte 


AM 


11 








If 


uv 


tra 


TT» 


10 


ua 


LCO 


LXO 


tt 




tor 


UU 


■ IC 




txo 


VU. 


It 


ur 


Uf 


Mt 


II 


JOJ. 


JOA 


JOA 


to 


TTl 


TTU 


tm 


It 


CIS 


cu 


CTI 


1« 


■ jute 




UM 


101 


Tr.« 


«« 


V«L 


tat 


vn 




111 




vu. 





1-4-10 j<-ii »m» 







UQ 


CLM 


cvt 


CLO 


tST 


VAL 


VAL 


VU. 


VKL 




tu 


l£T 


UO 


CTI 


CIl 
AAA 


CTS 
U.A 


UJk. 
TT* 


TT» 


mc 


ru 


rK£ 


taC 


TM 


t»» 


tw 


LTl 


LTI 


UhC 






lU 


eta 






i:x 


ItX 


VAi 
>J A 


LTt 






UJ. 




ta 


rnt 




tu 


AAA 


VAC. 


ARC 






»tA 


AAA 


AU 


VU. 




tor 


U3 


UO 


ua 


kct 


UD 


UD 


UO 


AU 


Alt 


Ajr 


TT» 


AlA 
tt* * 


TT» 


CTJ 


CI) 


CT« 


RIS 


AM 




T«a 


TT*. 


T«» 


UQ 


IXO , 


VAi 


VU. 


VAl 


VAi. 



VAt 
UW 
CLM 



f«t 

• TM 
Lit 



un 

UC 

Aif 



CTS 
AM 
T«« 

UO 
VAi, 



VU. 
UO 
CLO 

VU. 

uc 
uu 

CI I 
AU. 

»a£ 
rat 

TM 



ml 

lU 
AM 

1X0 

tCT 

UO 

Asr 



CTS 
AM 
TW 
UO 
VAL 



VU. 
LtO 
CLO 

VAi 

UO 

tu 

CIS 
VAt 
pat 

tco 



AM 

tco 

- lU 
LIS 

VU. 
.UO 
MT 
UU 

Ajr 



CTS 
AM 
TK» 

UO 
VAL 











LtO 


LIU- 


CL> 


CLMt 


VkL 


VAL 


LtU 


LCO 


ICO 


ito 


CTI 


CIS 


VAL 


ICA 


T«« 


faC 


rat 


r«i 


tM 


T*t 


AM 


AM 


lU 


VAL 
AAA 


AM 


■ AM 


VAL 


l« 


KCT 


tu 


VAL 


AM 


rat 


UW 


LCD 


LtO 


LCD 


rCT 


VAL 


UO 


ASr 

ALA 


Air 


CTS 


TTM 
CIS 


Ate 


am: 


tXA 


TWA 


VAL 


VAL 


VAL 


VAL 



5 From the above, it may be seen that 

(1) There are many PR amino acids that either contact the CDRs or the 
opposite domain, or are found in the domain interior. 

(21 These FR amino acids, which could influence the structure of the 
combining site, and thus the antigen-binding characteristics of an antibody, are 
1 0 different from antibody to antibody. 

U is Obvious from these results that no one structure can serve as the 
perfect and sole basis of all -animalization". or in the present example 
-humanization-. protocols. In fact, to "humanize- the 9 murine ant.bod.es 
Shown in Table 1 above by CDR-grafting with a view to preserving the.r l.gand- 
binding properties, the FR amino acids listed in Table 2 to 6 above would have 
to be retained. 

A search through the tables of immunoglobulin sequences (Kabat et al.. 
-sequences of Proteins of Immunological Interest'. 5th Ed. US Dept. of Health 
and Human Service. NIH Publication No.91.3242 (1991))- shows that human 
variable domain sequences are known that already have most of the FR am.no 
acids that need to be preserved as shown in Table 7 below. 
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Table 7: 



AHTISODY DOKXIN 
KyHCL-lO VK 



VK riV-HCKOf X 
VH :KfT 

VL 



Human Antibo'dies that ore Most Similar in 
Sequence to Murine Antibodies of Known 
Three-Oimensional Structure 



r - SIMIUUl EOMAiT SEQUEHCS 



MOS 



liPi'CL, kl;'cl (C/ni 

SaPZ-CL. Ai>2('CL. CI32'CL (2«/3>) 

IWIC/BL41'CL (T3/107) 
IXRC/BUl'CL (59/10) 
IWW:/8L4l'Ct (30/311 



KyKtL-S V« 

VK I MPT 



VL 

VL rRA«rwowc 

VL IMTT 



HD'CL (74/li<) 

•X17115'CL {25/37)- - 
Krt-l/lTCL, KAS ((5/105J 



mil . » 



VK 

•VH IMPT 
VL 

VL riULKtWORX 
VL IKPT 



2l/2a.'CL. ICIO'CL, LSa-CL (2a/38) 

uj^ucER'CL (le/iou 

Rl (£2/80) 

(l£I, HAUttR'CL f33/361 



VH 

VH fRAKCKOWt 

VH IKPT 

VL 

VL rRA«CVfORX 

VL IMPT 



aOPl'CL m/in) 

:P1'CL, 30<'CL («5/«7) 
464'CL, H2C*CL {3</411 

M«1-<410*CL tSl/112) 
CH-«OT-'CL ((«/>0) 
CUK, TR. MIK (33/3(1 ■ 



J53t 



VM 

VH ruAHtwowt 

VK IMfT 
VL 

VL rRA«£WOW( 

VL IttPT 



JOPi'CL, Vh3«Cl.lO'CL (81/ll«» 
il/2'Ct, JOPl'CL. M43 (Tl/IH 
3«P1'CL, 5tri»CL, M72, Ml4 (3(/40J 

FA. ((2/1051 ' 
LCM, MEA (53/10) 

ar, OCH, lOiC, WCI. HALXER-CL. WIL(-) (2«/35) 



HCPC(03 VM 

■ VK rHAMEWOWC 
VH IHPT 

VL 

VL rwkKTvow; 

VL I."JT 



K12 (61/120) 

-(GWCL^-Atoia'CL, K72 CJO/BTI 
5{?l*Ct, K72, M74, ■Rr-SJ2'CL (3(/42) 

FK-OOl'CL, UM (91/113) 

1X21 no/to) 

LI-M - (38/421 



3(-11 



VH 

VK FRAME WORK 

VH IKPT 

VL 

VL rRArt£WOP-< 

VL IKPT 



21/28'CL (74/llS) „,T.rt vniis-rt 

21/2i'CL. SlPl'Ct, 7e3c'CL, WO'CL. HCI'Ct. Xnil5 CL. 

(41/87) 
21/aa'CL, ICIO'CL (28/381 

KG (7(/10S) 
* M ((3/80) 

RTI, Rl, HALKCR'CL (34/37)* 
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Human Antibtiliei that are Mtfst Simit t 
Sequcnc; to Nlurine'Antibodies ol Known 
Three-Dimensionei Structure (Cont'd) 



VH • 

VH rHAKEKOWC 

VH pirt 

VL 



. 5fiPl*CL, K72. Hi*. RT-SJtTCL (37/35) 

CM-«07-*ct («s/eoj 

CUM,- HIM (3S/39) . 



OX .3 



VH 

VK rwjtcwoRx 

VH IKPT 
VL 

VL IrtfT 



CI82'*CL' (72/115) 
.C(B2'CL (S2/e7) 
M(0'CL (32/311 

BR (75/l07> 

ZV.li]\V: -c, ;., ™c.. ....... 



10 



15 



These human sequences are not necesserily .hose which are most similar 
to the murine antibodies, overall or in the framework regions only, but rather, 
those that possess the largest number of important amino acids in common, the 
laner sequences being included in Table 7 above. 

The number o( murine amino acids that still need to be retained in order 
,0 have .11 the important FR amino acids in the -humanixed" or analogue versions 
of the murine antibodies, as shown in Table 7 above, ranges from 21 (tor 
HyHEL-5:12 in V„ and 9 in VJ to 5 Hor B1312:2 in V„ and 3 in VJ. These are 
not very many amino acids, considering that the resulting -humanized or 
analogue molecules will probably retain most or all their ligand-bindrng 
characteristics. I, is possible that there exist other human sequences that are 
even more similar to these murine domains that are no, included .n the 
compilation of Kabat. et al. (19911. supra. When more sequences become 
available these may also be incorporated to improve the pool of basic data 
available. . 
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b) Choosing The best human fraOicworV.ip' *. 
use in the -humanizotion" of an antibody 

r:z ','^rcrMv:.::^^«ne, ..... ..e i.e„.i«c3.on o< .... 

FR amino acids ,ha. are crucial ,o maintain ,r,e combining =i.e struc.ure . no, 
easil. done. Nevenheless. some proposals may be made from The da,a sr,own 
in Tables 2 to 6 above tnat have been collected in Tables 8 and 9 below for the 

Vl and V„ domains. 



Table 8 : 



Framework Residues in That Probably 

Need to Be Preserved in Order to Reproduce the 

Ligand Properties of the Original Antibody 



• 11.1 

)i-n 
tn.i 



-•13t 
m;?CIOD 

Rll.t 
4-4-10 

3«-1l 
ftt J 11k 

01. J 



El.L.O. 
CIVHTO. 
Otvi..O. 
OfVL.O. 
.(0«T0. 
OVVMTO- 

clonO- 



, . .T .A. • . 

. .L.v. . . 
. . .L.V. . . 
, . .M. A. . . 

,L.A... 
...L.V... 
. . .L.A. . . 



.VLK.at. . L.V.. . 
01 .M.O L.A. . . 



C0K2 

dt>kl4a .v..%t: 
U>«rfa .V.OW. 



COKl 

v.t.c .-^••m 

;w.H.c k..<*ii"9*«i**'^« 

v.t.c «.»q— 

'.V.M.C "*?'*''TI 

.V.I.C r».«l «ii.«oyl*» 

A I.C ri«q-«l'''»»*»^'*'y*' 

VI.C r.«<i dtftorift 

, .v'.I .C ni.hoyl» 



WTOO. 

MiOQ. 

MtOO. 

WTLO. 
MYOQ. 



_.sr .rwiY 
. .pr .LLit 

. .St .LLIK 
. .T-KtLVT 

rtcvLir 

l.LUllt 

..J>.U-tT 



•WYOQ....Sr.LtVT 



COHJ 

'i*«r.L.I..V..,O.A.XXC <indlx.ypl.t r 

" 't r L.1..V...D. .KTTC ^ 

t'.l.i..h...o.a.itc crp'9«-'«pt «; 

OT.t.I. .«----0.>.^*-C w^tV* 

T r I i..v...o..:l.c .«t«efc*p-« r 

TOY'L.I..t...O.X.rrC <|q7n«-l.prt f 



.. .T, 
.A..T. 

. . .1. 

. . -T. 

11*T. 
, ..T. 

. . .1 



L.L. 
L.l . 
L.I. 

t.I. 

L. . ■ 
L. . . 
L.I. 
.1. ^• 
L. . . 



Table 9- Framework Residues in V„ That Probably 

Need to Be Preserved in Order to Reproduce the 
Ugand Properties of the Original Antibody 



.•II. I 

»<.!« 





.«.^.( 

...t.l I 



...L.t 

tT.l.t 

.f .k.t 

.I.k.l. 







■ t««V»' 

kll.l 
■•••It 

JLIII 

• l.t 



.k.i.a.. 

.i.i.i.. 
..A.a.L.. 



IWt.9 



, 5 From Tables 8 and 9 above, it may be seen that many of the important 

FR amino acids flank the CDRs. Among these flanking positions are most of the 
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FR amino adds that are involved in the contact with the opposite domain as 
shown in Table 4 above, and many o* those which are in contact with the CDRs 
as Shown in Tables 2 and 3 above. Moreover, almost all of the FR amino acids 
that have been observed to participate in the binding to antigen (Amit. A.G.. ei 
5 al.. Science 233:747-753 (19861; Sheriff, et ai.. P.N.A.S. (USA) 82:1 104O 107 
(1 987); Padlan. E,A.. et al. .P.N.A.S. (USA) 86:5938-5942 (1 989); Tulip, et at.. 
Cold Spring Harbor Symp. Quant. Biol. 54:257-263 (1989); Bentley. et al.. 
Nature (London) 348: 254-257 (1990)). are in these flanking regions. Thus, 
during -animalization- or -humanizaiion" or formation of the analogue peptides. 
10 not just the CDRs are retained, but also some of the residues immediately 
adjacent to the CDRs. This provides a bener chance of retaining more of the 
ligand-binding properties of the original antibody. The likelihood of retaining the 
antigen binding properties of the original antibody is even greater if the first few 
amino acids in the NHj-termini of both chains are also retained, since some of 
1 5 them are found to be in contact with CDRs as shown in Tables 2 and 3 above. 
Funher. Tables 8 and 9 above also show many other framework positions that 
are deemed structurally important in all the cases examined here. The 
xenogeneic residues at those positions should probably be retained as well. 

Alternatively, it may possible to reduce immunogenicity, while preserving 
20 antigen-binding properties, by simply replacing those exposed residues in the 
framework regions which differ from those usually found in human antibodies 
(Padtan, E.A. (1991), supra). This would 'humanize' the surface of the 
xenogeneic antibody while retaining the interior and contacting residues which 
influence its antigen-binding characteristics. The judicious replacement of 
25 exterior residues should have little, or no, effect on the interior of the domains, 
or on the interdomain contacts. For example, the solvent accessibility panerns 
of the F,s of J539. a murine IgA M and of KOL. a human IgGl lA) have been 
found to be very sinriilar (Padlan, E.A. (1991). supra). 

At present, more than 35 different Fab structures have been elucidated 
30 by X-ray diffraction analysis, although atomic coordinates for only 11 are 
currently in the Protein Data Bank as shown in Table 1 above. Most of the 
available structures have been analyzed to only medium resolution, some having 
been refined to only a limried extent. Eventually, atomic coordinates for more 
and bener-refined structures will become available, so that the 'imponant' FRs 
35 will be more easily assessed. This will improve the theoretical predictive record 
of the present method for determining the best mode for the analogue peptides. 

As already indicated above, the specrficity of an antibody depends on the 
CDR structures and sometimes, on some neighboring residues as well. These 
structures, in turn, depend on contacts with framework amino acids and on the 
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interaction of the V, and domains ' Thus, to ensure the retention of binding 
affinity, not only the CDR residues rr.jst be preserved, but also those FRs that 
contaa either the COR's or the opposite domain, as well as alt buried residues, 
which give shape to the variable domains. 
5 This design of the humanized versions of murine antibodies is reached 

in stages as follows. 

1- Choice of a xenogeneic model of known structure. 

2- Choice of the target species FR. 

3- Identification of xenogeneicAarget species differences. 
10 4- Identification of important xenogeneic amino acids. 

(1) Choice of a xenogeneic model of known structure 

The Vh and V, domains of an antibody of desired specificity are 
classified according to Kabat et al.(1991). supra. Then, an antibody of the same 
species may be chosen, whose structure has been determined, and whose 

15 variable regions belong to the same classes and subclasses. Modeling the 
xenogeneic antibody in question to such stajcture ensures maximal chance for 
success. This, however, is not absolutely necessary since the relative positions 
of the important amino acids do not vary considerably even in variable regions 
of different classes. Thus, with less than a perfect match this method may still 

20 be applied to design the analogues of this invention. Once the xenogeneic model 
is chosen, it may be applied to identify the locations of imponant residues in the 
xenogeneic antibody to be animatized (humanized). Tables 2. 3. 4, 5. 6. 8 and 
9 indicate the positions of the important amino acids in several antibodies whose 
structures have been determined to a high resolution level. 

25 i2) Choice of the target species FR 

The target species homework should, ideally, be a consensus framework. 
That is, one that has a maximum number of amino acids in common with all 
human frameworks of the same class. This is imponant. because, the goal of 
humanization is to avoid an immunological response against the engineered 

30 analogue peptide. 

The target species framework that is chosen is that which shares .the 
greatest number of important amino acids with the original xenogeneic antibody. 
Thus, in choosing the target species (human) FR. the similarity between the 
imponant amino acids is more imponant that the overall similarity. 

35 In practice, the sequences of the xenogeneic variable chains are aligned 

with the consensus sequences from all variable region classes of the target 
species and the number of differences in the amino acids that must be retained 
from the xenogeneic species are scored. The human consensus sequence(s) that 
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scorels) the lowest number of differences is tare) then chosen. These are the 
best analogue peptide candidates. Others with low numbers that are higher tnan 
the above may also be suitable, and are placed in a reserve pool, and so fonh. 
If there are too many differences in the chosen framework (e.g.. more than 1 61. 
5 then the same alignment procedure using all tabulated human sequences may be 
repeated in order to find a specific human framework whose similarity with the 
xenogeneic sequence is maximized at the positions of the important amino acids. 
Thus, most preferably, the target species FR should be a consensus sequence. 
Next preferable would be a framework of a common target species (humani 
10 antibody, and finally, the framework of any target species (human) antibody. 

(3) Identification of xenogeneic target species differences 

The xenogeneic sequences are then aligned with the target species 
sequences and the positions of all amino acids that differ In the murine and in 
the human frameworks are tabulated. Such a table contains the maximum 

) 15 number of amino acids that can be changed toward the full "animalization* 

y 

("humanization") of the xenogeneic antibody (see. Tables 31 and 32 below). If 
all those changes were to be made, a so-called COR-grafted antibody would be 
obtained. That is. only the original CDRs would be retained from the murine 
antibody. In some cases, possibly, such CDR-grafted antibody may maintain the 
20 original binding affinity. In most instances, however, the affinity of a CDR- 
grafted antibody would be considerably less than that of the original xenogeneic 
antibody. In order to maximize the chances for conserving the original affinity, 
the identities of all important amino acids must be preserved. 

(4) Identification of Important xenogeneic amino acids 
25 If the outlined approach to animalization (humanizing) an antibody is 

followed strictly, the amino acids that are correspondingly impoaant in the model 
xenogeneic antibody chosen in step 1 are retained- In a more preferred approach, 
" however, the amino acids that have been shown to occupy important positions 
in other antibodies of the same species or of the target species may also be 
30 retained and are therefore taken out from the group of candidates to be mutated. 
This preferred approach may be particularly appropriate when there is a chance 
that the amino acids in question could make contacts with the CDRs or with the 
opposite chains. Once the important xenogeneic amino acids are identified, the 
DNA sequence may be mutagenized to change all other amino acids, which for 
35 the most pan occupy exposed positions. 

The present method is exemplified for a murine antibody humanized with 
the intent of diminishing or avoiding a HAMA response upon its administration 
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to humans, ^:u^i^e and human antibodies, whose ihree-dimensibnal structures 
have been deduced to a high degree of resolution, were utilized as guidance in 
the choice of the amino acids to be substituted in order to humanize the 
panicular murine antibody utilized. The method, however, may be applied more 
5 generally to transform antibodies from one species into a less immunogenic form 
to be administered to a second species, provided that adequate three- 
dimensional models are available for antibodies from those species. Information 
on other murine antibodies from a Dau Bank was used in the exemplary 
disclosure provided below to modify the BrE-3 and anti-KC-4 murine-human 
10 chimeric antibodies with human amino acids. Similarly, antibodies of other 
species besides murine may also be utilized, their CDRs and other amino acids 
preserved and those amino acids not considered "imponant- replaced with 
human amino acids. Similarly, the above approach may be applied to the 
preparation of "animalized- antibodies for any animal species. This may be 
1 5 anained by substituting amino acids of the antibody target species into an 
antibody of another species in accordance with this invention. 

Various peptide structures, such as CORs. and analogue antibodies. Fab, 
Fab'. (Fab'), . and variable fragments having a desired specificiry. may be 
constructed and optionally bridged via a linker. In addition, one or more of the 
20 peptides may be attached to one or more effector agent(s) or bridged via a 
linker. Multiple antibody, variable regions. Fab, Fab', (Fab'l, , CDRs and the like, 
and combinations thereof, may also be constructed and bridged via linkers or 
anached to one or more effector agents such as are described below. 

The cDNAs encoding the analogue variable regions of an antibody of a 
25 desired specificity may be cloned into a vector, optionally containing sequences 
encoding constant regions or fragments thereof, enzymes, neuropeptides, other 
peptide transmitters, toxins, hormones, operative conjugation regions, cytokines, 
lymphokines and the like, optionally under the same promoter. Although this 
is the cloning strategy utilized In the exemplary disclosure of this invention, other 
30 methods known in the an may also be utilized such as co-expression and the 
like. In the exemplary disclosure provided herein, the anti-BrE-3 and anti-KC-4 
~ murine-human chimeric antibodies specifically binding to human mammary mucin 

and carcinoma cells was constructed by joining the DNAs of the anti-BrE-3 or 
anti-KC-4 murine variable domain to a human constant domain (an effector 
35 agent) cloned into a hybrid vector, and the product expressed by transfecting the 
vector into myeloma cells. The variable regions of the chimeric antibody were 
modified at the DNA level to obtain an analogue or "humanized' chimeric 
polypeptide. The modifications to the variable regions of the peptides may either 
be conducted by PGR amplification with primers that are custom tailored to 
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The analogue human.zeo w anti-KC-4 murine 

• .A- variable regions of the anti-BrE-3 or ann 
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' A single unit of the analogue peptide of the invention may be as short as 
the shoaest CDR and as long as the longest combination of variable regions, 
antibodies, and the like, including non-peptide polymers of up to about 10* 
molecular weight, and in some instances even larger. When several units are 
linked or other combinations provided, the sire of the analogue peptide increases 
accordingly. The smaller molecular weight analogue peptides, are particularly 
suited for greater penetration of cells, the brain-blood barrier, and tumors, among 
others, and have a shorter half life, whereas the higher molecular weight 
polypeptides are suited for either in vitro or in vivo applications such as therapy, 
imaging and diagnosis. "Hie laner are generally cleared from the body over a 
longer period of time. 

The analogue peptide of the invention may contain amino acid sequences 
derived from light and/or heavy chains of antibodies of a first or xenogeneic 
species raised against a variety of antigens and/or epitopes. For example, the 
murine antibodies disclosed in the examples were raised against human 
mammary fat globule mucin (BrE-3) and the -KC-A- antigen in human carcinoma 
cells (KC-4). Other antigens comprising a variety of epitopes may also be utilized 
to generate the xenogeneic antibodies as long as the antibody contributing the 
variable region displays low affinity and specificity for normal cells and higher 
affinity and specificity for human carcinomas that will permit their specific 
binding to carcinoma cells, preferably, in a variety of tissues. Similarly, the 
antibodies may be raised in animals of different xenogeneic species. The 
antibodies from which the polypeptide of the invention is derived may be a 
murine, rat, goat, birds including poultry, rabbit, guinea pig. equine, bovine, and 
primate including human and simian, antibodies, among others. The preparation 
of the antibody and fragments thereof encompassed by the invention is similar, 
whether the origin of the antibody is human or non-human. The original variable 
region mRNA may be obtained from cells of any desired xenogeneic species and 
the remainder of the work-up is similar, utilizing a model antibody of the same 
xenogeneic species and substituting amino acids from the target species. 

The humanization procedure described here is designed to minimize 
potential losses in antigen binding affinity that may result from the introduced 
amino acids. In the case of the BrE-3 antibody exemplified below, eight amino 
acid changes were made in the variable region of the light chain and in the 
variable region of the heavy chain. In the case of the anti.KC-4 antibody 
exemplified below, seven amino acid changes were introduced in the variable 
region of the light chain and twelve amino acid changes were made in the 
variable region of the heavy chain. Funhermore. to minimize the immunological 
response to the humanized antibody, target human amino acid sequences were 
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used that comprise the consensus seouences of all ao:.rooriate human variable 
regions. Nevertheless, neither the exemplified amino acid changes nor the 
exemplified human target sequences are the only choices encompassed by this 
invention. Many other individual amino acid changes and permutations thereof 
5 may be made without the expectation of significantly affecting either the affinity 
of the resulting antibody or its human immunogenictty. as taught herein. 

The following Tables 10 and n indicate other possible amino acid 
Changes for the variable regions of the BrE-3 and KC-4 sequences of the 
invention. The amino acid positions (or numbers) are as conventionally accepted 

1 0 (Kabat et aU 1 991 . suqtz). The most preferred changes are indicated under the 
heading "Most Preferred Analogue". For antibodies other than the BrE-3 and 
anti-KC-4 antibodies, the amino acids shown in the BrE-3 and KC.4 columns 
become also part of the group of most preferred choices. Amino acid changes 
that are not pan of the most preferred group but that are still pan of this 

15 invention are indicated in the next column under the heading "Preferred 
Analogue-. In some instances, the "Preferred Analogue" choices become too 
numerous and the least acceptable choices are provided instead for that position. 
Clearly, ail amino acids other than those listed under "Not Preferred Analogue- 
may be substituted at that position. 
Table 10 : Alternative Amino Acids for Chain 





BrE3 


KC4 


Most Pref 








Analogue 


FRl 
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D 


0 
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V 


V 


! 


3 


V 


L 


LIV) 
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M 


M 


LVl 


5 


T 


T 




6 


Q 


Q 




7 


T 


T 


IADS 


8 


P 


P 


AE 


9 


L 


L 


FP 


10 


S 


S 


T 


11 


L 


L 


NV 


12 


P 


P 


S 


13 


V 


V 




14 


s 


T 


TiS) 


15 


L 


P 


PRL 


16 


G 


G 




17 


D 


E 


TEQtD) 


IB 


Q 


P 


PS(Q) 


19 


A 


A 


V 


20 


S 


S 




21 


I 


1 




22 


S 


S 




23 


c 


C 





Preferred 
Analogue 



Not Preferred 
Analogue 



WKCRH 
PTQ 



WIPLMCRT 
YC 



WYMCGH 
WYFKCN 
WYMH 
HDQ 

WYCRGH 
WIKH 
YKCRHN 
WMCE 

WYCGHDNEQ 

WIYFPMCR 

WYFCAHDN 

WPKMCRTHNQ 

WPLCHD 

WPKCGDEQ 

WVMCHE 
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Table 10: Alternative Amino Acids for Chain (Cont.) 



8rE3 KC4 Most Preferred Preferred Not Preferred 

Analogue Analogue Analogue 



FR2 








35 


W 


W 




36 


F 


F 


YL{R 


37 


L 


L 


Q 


38 


Q 


Q 




39 


K 


K 


R 


40 


S 


P 


P(S) 


41G 








42 


Q 


Q 




43 


S 


S 


P 


44 


P 


P 




45 


K 


Q 


EQR(K) 


46 


L 


L 


RV 


47 


L 


L 


V 


48 


I 


1 




49 


Y 


Y 


S 


FR3 








57 


G 


G 




58 


V 


V 




59 


P 


P 


S 


60 


D 


D 


N 


61 


R 


R 


T 


62 


F 


F 




63 


S 


S 


T 


64 


G 


G 


D 


65 


S 


S 




66 


G 


G 




67 


S 


S 


A 


68 


E 


G 


GDIEl 


69 


T 


T 




70 


D 


D 




71 


F 


F 




72 


T 


T 




73 


L 


L 




74 


K 


K 


NLRE 


75 


1 


I 


L 


76 


S 


S 


IT 


77 


R 


R 


S 


78 


V 


V 


ALI 


79 


E 


E 


KGQ 


80 


A 


A 


P 


81 


E 


E 




82 


D 


D 




83 


L 


V 


MV(L) 


84 


G 


G 




85 


V 


1 


tM(V) 


86 


Y 


Y 




87 


. F 


Y 


YL(R 


88 


C 


C 





IVHN 

WLVKRTHDE 



FLKARTGQ 



WILMTSN 
FPLVMTS 



WVTSGDNEQ 
lYFLVMATQ 



lYPLKARSG 



VMCARSGQ 



ILVKMAGDNE 
LVARTSG 
IMSHE . . 



IFMCATSDN 
WIPMCA 

lYFPMCT 

WYVCD 

\WYFKMHDNEQ 

WYKCRGHDQ 

YPCGHD 

KCD 



PLVMA 



WFMCR 



YCHDQ 
VKMCRHN 

WPMCE 
WIFPMCR 
WKMTEO 
WLMCGHNEQ 

WLMCHD 

LVMC 

WYaKCHQ 

WYFKCRHNE 

WVKM 

WLKM 



WCRH 
WFKCQ 
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Table lOl Alternative Amino Acids for Chain (Com.l 



BrE3 KC4 



Most Preferred 
Analogue 



Preferred 
Analogue 



Not Preferred 
Analogue 



FR4 








98 


F 


F 




99 


G 


G 




100 


G 


G 


ASQ 


101 


G 


G 




102 


T 


T 




103 


K 


K 


NR 


104 


L 


L 


V 


105 


E 


E 




106 


1 


1 




106 


a 


a 




107 


K 


K 


R 



IPVKRTG 



lYMATGHDEQ 
LG 

ILVTSGHNEQ 

YLVKMRTD 

PLVTt 

ILVMATSGNE 



Table 11 : Alternative Amino Adds for Vh Chain 



Vi^ i; E3 KC4 Most Pre/erred Preferred Not Preferred 

Analogue Analogue Analogue 



FRl 
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2 
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K 
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10 


G 


G 


11 
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12 
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13 
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14 


P 


P 


15 
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' G 


16 


G 


G 
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S 


S 


18 


M 




19 
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20 


L 


L 


21 
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A 


24 


A 


A 


25 


S 


S 


26 


G 


G 


27 


F 


F 


28 


T 


A 


29 


F 


F 


30 


S 


S 



Q 
M 

QR(K) 

VD(E) 
QD 
T 
E 

DA 
VF 
I 

KE 

RSE 
PA 

R(K) 
V 



TSE 
V 



AINSm 



PVLKARGHDEQ 



WYPKCRHV 

WYKCRSN 
WYCG 
WLYFMSH 
IMCRHD 

WIYKCRNQ 

WIYFMCH 

WKCGHN 

WYPTHD 

WYFCD 

WIYMCRDQ 

lYCHN 

WIYFMC 

WIYCHDNE 

WYCD 

WIYPCH 

WYFPKDNQ 

WMH 

VSffT-MCH 

WKMCRHNEQ 

WIVMRHDEQ 

WPMCR 
CHQ 

WYKCRHDNEQ 
WLMCDQ 
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Table 11 : Alterneiive Amino Acids for Chain (Cont'd.) 

VL b7E3 iCC4 Most Preferred Preferred Not Preferred 

Anatogue Analogue Analogue 



FR2 
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FR3 
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R 
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N 
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A 
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R 
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78 


V 
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G 


YH 
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THR 
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AQ 
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STGM 



WiaVMATGQ 

YFS 

FPVMCA 
WY 

PLVARTSHNEQ 

YPLKMCTHN 
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WIFMCH 

FPMCHTD 
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YPKCARTHNQ 
WFPKCRHNQ 



WYLVMCATSDE 

WYPKMHNEQ 

WYPGE 

WYKCHNQ 

WVMCHDEQ 

WYFCHDQ 

VKRTSGHDE 

WYRC 

FPLVTGDN 

NPCGD 

WFPLMCE 

WFC 

WKCRNE 

WPG 



WYFPC 

YPCTGHDEQ 

WMQ 

WYFPLMHQ 

PLVMAGE 

WILCH 
WKCOEQ 

WIYFPLMCRG 

WLVMCNE 
WYPKGEQ 
WIPLVKMAGQ 
W1FR 

TSDQLAW 



lYaVMCDQ 



WYCHOE 
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Table 11: Alternative Amino Acids for V^, Chain (Cont'd.) 



VL BrE3 KC4 Most Preferred 
Analogue 



109 
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LT 


110 


T 


T 


SL 


111 
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V 




112 


S 


s 


T 


113 
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SiA) 



Preferreo Not Preferred 

Analogue Analogue 

(K 

PLVATG 



Similar tables may be constructed for any and all amino acid sequences 
for other xenogeneic antibodies as taught herein. 

In one particulariy preferred embodiment of the invention, the humanized 
anti-carcinoma analogue peptide comprises the amino acid sequence ID No. 67 
to 73 of Table 47. the sequence ID No. 75 to 81 of Table 48, the sequence ID 
No. 95 to 102 of Table 55 and/or the sequence ID No. 103 to 108 of Table 56. 
and the sequences wherein about 1 to 46 or more amino acids in the FR are 
substituted per chain with amino acids such as those present in equivalent 
positions in human antibodies, orfragments thereof comprising 1 to 3 CDRs per 
chain or 1 to 3 CDRs per chain plus flanking regions thereof, each of about 1 to 
10 or more amino acids, alone or plus an N-terminal fragment of about 1 to 10 
or more amino acids, or combinations thereof wherein each analogue peptide is 
operatively linked to at least one other analogue peptide, and mixtures thereof. 

The present analogue peptide is provided either as a naked peptide or in 
glycosylated form. When provided in glycosylated form, the analogue peptide 
may be operatively linked to a glycosyl residue(s) provided by the eukaryotic cell 
where h is expressed, or it may be cloned and expressed in a prokaryotic cell as 
the naked polypeptide and the glycosyl residuels) added thereafter, for example 
by means of glycosyl transferases as is known in the art. Examples of glycosyl 
residue(s) that may be added to the analogue peptide of the invention are N- 
glycosylated and 0-glycosylated residues, among others. The glycosyl residues 
added to the naked analogue peptide may have a molecular weight of about 20 
to 50,000 daltons, and more preferably about 100 to 20.000 daltons or greater, 
depending on the tae and molecular weight of the peptide to which they are 
attached. However, other types of polysaccharides and molecular weights may 
also be present. The glycosyl residues may also be attached to the naked 
analogue peptide of the invention by chemical means as is known in the an. 

A single CDR is the smallest part of an antibody known to be capable of 
binding to an antigen. The sequences of the and Vh-CDRs of the BfE-3 
exemplary analogue is shown in Tables 47 and 48 below. Thus, small peptides 
that have the sequence of a single CDR can bind antigen and are. therefore, 
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sOiiabIc for irr^aging tumors in vivo, k CDrt attach'ea to eff eaor 'peotide may 
be synthesized chemically or recombinantiy encoded in a DNA segment. Such 
small molecules have great tumor penetration and extremely rapid clearing 
properties when compared to larger antibody fragments- In some cases, .t .s 
5 more convenient to produce these small molecules by chemical synthesis, as is 
known in the an. rather than by fermentation. In many cases, these small 
peptides are completely non-immunogenic and an immune response, such as the 
HAMA response, is altogether avoided. Also preferred are 2 and 3 CDR units per 
chain operatively linked to one another by 1 to 10 or more amino acids and up 

10 to the entire inter-CDR segment length as positioned in the variable regions. 

Heavy and light chain analogue variable regions rnay be obtained 
Individually or in pairs, or attached to an effector peptide such as a 

constant regionlsl or portions thereof, a drug, an enzyme, a toxin, a whole 
antibody, or any other molecule or radioisotope. The fragments of the analogue 

1 5 variable regions may be synthesized chemically as is known in the art or from the 
DNA segments encoding the non-human variable regions. This may be attained 
by PCR amplification of the DNA with primers synthesized to contain the desired 
mutation(s) as is known in the art. Similarly, the fragments encoding analogue 
variable regions may be synthesized chemically or obtained by established 

20 cloning methods of restriction digestion, ligation, mutagenesis, and the like, as 

is known in the an. 

There are advantages to using the different molecular variants of the 
analogue peptide depending on the specific applications for which they are 
intended, some of which are listed below. 
25 a) Smaller molecules penetrate target tissues more efficiently and 

are cleared from the body much more rapidly than larger molecules. 

b) Single chain molecules can be manipulated and synthesized more 
efficiently that multiple chain molecules. oHiriemlv and 

c) Many of these variants can be syiithesized efficiently ano 
30 inexpensively in bacteria, including the non-glycosylated .^^^^^g 

dl Bi-funcxionat or multifunctional molecules may carry Po'vPePtHJ^ 
effectors, such as enzymes, toxins, radioisotopes, drugs, and other molecules, 
to a target tissue. 

The following list encompasses exemplary analogue peptides of the 
- 35 invention engineered with molecules derived from antibodies or antibody 
fragments. These analogue peptides, among otiiers. are suitable for the practice 
of this invention. A more extensive lis, of polypeptide consuuas may be found 
in 0-Kennedy, R., and Robon, P. (O'ICennedy. R., and Roben. P.. "Antibody 
Engineering: an Overview". Essays Biochem. (England) 26:59-75 (1991)). 
40 -me analogue peptides and hybrid peptides of this invention encompass 

CDRs and/or analogue variable regions, monoclonal antibodies, antibody 
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fragments such as Fab. Fab'. IFab'J,'. and fragmJ 's thereof, CDRs. constant 
regions, single or multiple-domain and catalytic agmcms. bi-furictiona( or 
muKihjnctional combinations thereof, enzymes, peptide hormones, molecules 
such as drugs and linkers, transminers. and toxins, among others. These are 
5 suitable for imaging, therapy, and diagnostics. 

Single-Chain Antigen-Binding Polypeptides 

A method for constructing single chain antigen-binding polypeptides has 
been described by Bird et al. (Bird, R.E.. at al.. Science 242:243-246 (1988); 
Bird. R.E.. et al.. Science 244:409 (19891). Single Chain F. ( scF,or sFJ are 

10 single chain analogue peptides containing both and V„ with a linker such as 
a peptide connecting the two chains (Vi-nnker-V„). The engineering may be done 
at the DNA level, in which case knowledge of the sequence is required. These 
analogue peptides have the conformational stability, folding, and ligand-binding 
affinity of single-chain variable region immunoglobulin fragments and may be 

15 expressed in E. coli. (Pantoliano. M.V., et al.. Brochem, (US) 30:10117-25 
(1 991 )). The peptide linker binding the two chains may be of variable length, for 
example, about 2 to 50 amino acid residues, and more preferably about 1 2 to 25 
residues, and may be expressed in E. coli. (Pantoliano, M.V., et al. (1991). 
supral. An analogue peptide such as an scF, may be expressed and prepared 

20 from E. coli and used for tumor targeting. The clearance profiles for scF/m some 
situations fragments are advantageous relative to those of normal antibodies, 
Fab, Fab' or (Fab'), fragments. (Colcher, D., et al.. J. Nati. Cancer Inst. 
82:1191-7 (1990)). Another type of analogue peptide comprises a V„-!inker-Vi 
and may have about 230 to 260 amino acids. A synthetic gene using E. coli 

25 codons may be used for expression in E. coli. A leader peptide of about 20 amino 
acids, such that of Trp LE may be used to direct protein secretion into the 
periplasmic space or medium. If this leader peptide is not naturally cleaved, the 
sF, analogue peptide may be obtained by acid cleavage of the unique asp-pro 
peptide bond placed between the leader peptide and the sF,-encoding region 

30 (Houston. J.S.. et al.. "Protein Engineering of Antibody Binding Sites: Recovery 
of Specific Activity in an Anti-Oigoxin Single-Chain F, Analogue Produced io E. 
coli.-. PNAS (USA) 85 (16):5879.83 (1988)). The construction, binding 
properties, metabolism and tumor targeting of the single-chain F, analogue 
peptides derived from monoclonal antibodies may be conducted as previously 

35 described (Milenic. D.E.. ct al.. Cancer Res. (US) 51 (23 ptl):6363.71 (1991): 
Yokota, et al., "Rapid Tumor Penetration of a single-chain F, and Comparison 
with Other Immunoglobulin Forms". Cancer Res. (US) 52(1 2):3402-8 (1992)). 
This type of analogue peptide provides extremely rapid tumor penetration and 
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even distribution throughc'jr tumor mass 
andF(ab'),. 



ompared to IgG er Ig fragments Fab 



BifuncrionaJ scF,-Fxn or Fxn-scF, 

An example of this type of analogue peptide is a V,-linkef-V. with an 
5 effector peptide such as a hormone, eniyme. transmitter, and the like. These 
hybrid analogue peptides may be prepared as described by McCarney et. al. 
(McCarney. J.E. et al.. -Biosynthetic Antibody Binding Sites: Development of a 
Single-Chain F, Model Based on Antidiniirophenol IgA Myeloma MOPC 31 5*. J. 
Protein Chem. (US) 10 (6):669-83 {1991)1. A bi-funcxional hybrid analogue 

10 peptide containing an F.-binding fragment B of staph protein A amino terminal 
to a single-chain analogue K region of the present specificity is also 
encompassed and may be prepared as previously described. (Tai. M.S.. et at.. 
Biochem. 29 1351:8024-30 (1 990)). In this example of a hybrid analogue peptide 
of this invention IS a Staph. A fragment B (anti F.J) - scF, polypeptide. The order 

1 5 is backward of normal cases. This FB-sF, may be encoded in a single synthetic 
gene and expressed as peptide 'in E. coli. This analogue peptide is a good 
example of a useful multifunctional targeuble single-chain polypeptide. A hybrid 
analogue peptide also comprising antibodies to a human carcinoma receptor and 
angiogenin is also part of this invention. Angiogenin is a human homologue of 

20 pancreatic RNAse. This is an (Fab')rlitce antibody-enzyme peptide effector. 
Another hybrid analogue peptide comprising a V^-CHI heavy chain-RNAse may 
be expressed in a cell that secretes a chimeric light chain of The same antibody. 
A secreted antibody of similar structure was shown to cause the inhibition of 
growth and of protein synthesis of K562 cells that express the human transferrin 

25 receptor (Rybak. S.M., etal.. -Humanization of Immunotoxins". PNAS 89:3165- 
3169 (1992)}. 

Bi'ApeCTfic Antibodies 

A monoclonal antibody or antibody fragment may be incorporated into 
a bi-specific analogue peptide as described, for example, by Greenman et al. 

30 (Greenman. J., et al.. MoL Immunol. (England) 28 (ll):1243-54 (1991). In.this 
example, a bi-specific F(ab'), comprising two (Fab'-(thioether.link).Fab') was 
constructed. Si-specific antibodies may also be obtained when two whole 
antibodies are anached. Another way to obtain bi-specific antibodies is by 
mixing chains from different antibodies or fragments tt^ereof . In this manner the 

35 -left- branch of the bi-specific antibody has one function while the "righf branch 
has another. 
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Phsge-Otsplav Ubrsries 

The analogue peptides in accordance wuh this invention mav be screened 
with a filamentous phage system. This system may also be used for expressing 
any genes of antibodies or fragments thereof as well as for screening for 
5 mutagenized antibody variants as described by Marks et al. (Marks. J.D.. ei al., 
•Molecular Evolution of Proteins on Filamentous Phage. Mimicking the Strategy 
of the Immune System". J.Mol. Biol. (England) 267 (23):1607-10 (1992)1. A 
library of Vh and V. genes or analogue thereof may be cloned and displayed on 
the surface of a phage. Antibody fragments binding specifically to several 
10 antigens may be isolated as reported by Marks (Marks. J.D,. "By-Passing 
immunization. Human Antibodies from V-gene Ubraries Displayed on Phage". J. 
Mol. Biol. (Englandl 222 (31:581-97 (1991)). 

Covalent Oligosaccharide Modifications 

The present analogue peptides alone or as hybrid peptides comprising 

15 antibodies and fragments thereof may be. e.g.. covalenily modified utilizing 
oxidized oligosaccharide moieties. The hybrid analogue peptides may be 
modified at the oligosaccharide residue with either a peptide labeled with a 
radioisotope such as '»l or with a chelate such as a 
diethyleneiriaminepeniaacetic acid chelate with "'In. The use of 

20 oligosaccharides provides a more efficient localization to a target than that 
obtained with antibodies radiolabeled either at the amino acid chain lysines or 
tyrosines (Rodwell, J.D. et ai.. "Site- Specific Covalent Modification of 
Monoclonal Antibodies: In Vitro and In Vivo Evaluations'. PNAS (USA) 83:2632- 
6 (1986)). 

25 Of the analogue peptides of this invention, preferred are those having the 

seouences ID Nos. 67 through 73. 75 through 81.95. 96. and analogues thereof 
wherein about 1 to 42 amino acids in the FR are substituted per chain with 
amino acids such as those present in equivalent positions In antibodies of the 
species for which the analogue is intended, such as human, or fragments thereof 

30 comprising 1 to 3 CDRs per chain and flanking regions thereof, each of about 1 
to 10 or more amino acids, alone or with an N-terminal fragment of about 1 to 
10 amino acids, or up to the complete N-terminal region, or combinations 
thereof! Examples of possible substitute amino acids in all positions, including 
the most Important positions are shown in Tables 10 and 11 above, and are 

35 indicated in the columns titled BrE-3 and KC-4, "Most Preferred Analogue and 
Preferred Analogue" amino acids substituents. Others are also suitable as may 
be deduced by the method described herein. These amino acid sequences may 
be bound by a peptide or non-peptide linker such as is known in the aa. 
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Examples of peptide linkers are poiylys*oes. liucineWers.'EGKSSGSGSEJl 'X 
and (GGGGS)x3. and non-peptide polymers, among otners. Effector agents : -h 
as peptides and non-peptides may also be attached to the analogue peptide i of 
the invention. These include non-peptide polymers, monomers, atoms, etc.. 
5 which are discussed below. 

Another preferred embodiment comprises a bi-functional analogue pepiide 
having a pair of light and heavy chains of the sa.tie specificity anached to one 
anottier by a linker, such as those provided above. In another preferred 
embodiment, a bi-functional analogue peptide comprises one set of light and 

10 heavy chains comprising at least one xenogeneic COR or variable region, e.g.. 
the amino acid sequence ID No. 11 or 1 3 of Tables 1 5 and 1 6. sequence ID No. 
95 or 96 from Tables 55 and 56 below, or the respective CDRs alone or 
separated by 1 to 10 amino acids and up to the entire amino acid segments of 
their flanking sequences, and optionally with 1 to 10 amino acids of each 

15 terminal region, sequence ID No. 68. 70 and/or 72, alone or with flanking 
sequences of varying length, or 76. 78 and/or 80. alone or with flanking 
sequences of varying length, with the modifications shown above, wherein about 
1 to 42 amino acids in the FR are substituted per chain with amino acids such 
as those present in equivalent positions in antibodies of the target species, or 

20 fragments thereof comprising 1 to 3 CDRs per chain and flanking regions thereof, 
each of about 1 to 1 0 or more amino acids, alone or with an N-terminat fragment 
of about 1 to 10 or more amino acids, and one set of light and heavy chains 
comprising at least one xenogeneic CDR or analogue variable region, e.g.. amino 
acid sequence ID No. 1 1 , 1 3, 95. or 96 having a different set of substitute amino 

25 acids, wherein about 1 to 46 or more amino acids in the FR are substituted per 
chain with amino acids such as those present in equivalent positions in 
antibodies of the target species, or fragments comprising 1 to 3 CDRs per chain 
and flanking regions thereof, each of about 1 to 10 or more amino acids, alone 
or with an N-terminal fragment of about 1 to 10 or more amino acids, or 

30 fragments or combination thereof. Multi-functional hybrid analogue peptides may 
comprise several identical units or combinations of the above bi-functional 
analogue peptides of the same or different specificities or xenogeneic species. 
Preferred analogue peptides are those comprising murine CDRs and other regions 
substituted with human amino acids. 

35 In another aspect, this invention provides a hybrid analogue polymer that 

comprises at least one anti-tumor analogue peptide and at least one effector 
agent operatively linked to the peptide, combinations thereof and mixtures 
thereof. The effeaor agent utilized in this invention comprises peptide polymers 
other than the constant region of an antibody of the same species as the CDRs. 
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non-oeptide oolvmers. monomers, atid attfms such fis meials. In OTte'DartjcJlarly 

preferred embodiment, the effector agent may comprise an atom such a 
radioisotope, an enzyme or a fluorescent label. These effector peptides are 
suited for In vivo and in vitro assays because they permit the identification of 
5 complB^tes formed by the peptide of the invention. Radioisotopes are particularly 
preferred for in vivo imaging. Polypeptide labeling is known in the art 
(Greenwood, F.C.. et al.. Biochem. J. 89: 11 4- 1 23 ( 1 963)). When a glycosylated 
polypeptide Is utilized, the radiolabel may be anached to the glycosyl residue as 
is known in the art (Hay. G.W. et al, in Methods in Carbohydrate Chemistry. Vol 

10 5:357. NWhistJer. R.L Ed.. Academic Press. NY and London (1965)). Effector 
agents comprising a monomer may be therapeutic, immunogenic or diagnostic 
agents, radioisotopes. DNA. or RNA monomers, chemical 'linkers, chemical 
chelators, iransminer molecules, combinations thereof, or combinations thereof 
wrth peptide and non-peptide polymers or copolymers and atoms. Examples of 

1 5 therapeutic agents are anti-neoplastic drugs such as vincristine, intercalation 
drugs, adriamycin, enzymes, toxins and hormones, among others. Examples of 
immunogenic agents are other vaccines against tumors such as r carcinomas or 
for others purposes. Examples of diagnostic agents are radioisotopes and 
enzymes, among others. Examples of therapeutic, immunogenic and diagnostic 

20 agents are toxins, vaccines, and radioisotopes, among others. Examples of 
radioisotopes are "Mn. ''S, '«Y, ^"Re. "'Ac. "'I and '"^c, among others. 
Examples of DNA and RNA monomers are A. T. U. G, C. among others. 
Examples of chemical linkers are dithiobis(succinimidvl)propionate and bis- 
(sulfosuccinimidyl)suberaie. among others. Examples of transminer molecules 

25 are cAtWlP and cGMP. among others. Examples of toxins are ricin A-chain and 
abrin A-chain. among others. 

When the effector agent is a non-peptide polymer linked to the analogue 
peptide of the invention it may comprise an ester, ether, vinyl, amido, imido. 
alkylene. arylalkylene, cyanate. urethane. or isoprene polymers. DNA polymers. 

30 RNA polymers, copolymers thereof and copolymers thereof with peptide 
polymers or monomers, or have labeled atoms attached thereto. Examples of 
these are polyesters, polyethers, polyethyienegfycols. polyvinyls, polyamido and 
polylmido resins, pol yethylenes. polyteiraf luoroeth ylene. 
poly(ethyiene)terephathalate, polypropylene, silicone rubber, isoprenes and 

35 copolymers thereof, copolymers of silicone and carbonated polylactic or 
polyglycolic acid or collagen, and the like. Particularly preferred are 
biodegradable and bioresorbable or bioabsorbable materials, which if detached 
from the polypeptide and left in the systemic circulation will not damage 
endogenous tissues. The effector agent being a peptide may comprise 
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antibodies such as IgA. IgG. IgM. Igfi or 1^: ne ffonstaSt re& .)n hi ,r^tibo<ies 
of a species different from the variable reg r- 1 or fragments thereof, and the 
CDRs. variable regions. Fab. Fab'. (Fab'», fragments of antibodies of the classes 
described above, hormones, enzymes, peptide transminers and whole antibodies. 
5- combinations thereof, and combinations thereof with non-peotide polymers, 
copolymers, monomers and atoms such as radioisotopes. Examples of other 
antibodies. Fab, Fab'. (Fab'),. CDRs and variable regions thereof are those that 
specifically bind tumor epitopes such as those of carcinomas, including the 
murine BrE-3 and anii-KC-4 antibodies and others having specificities for different 
,0 tumor epitopes such as the BrE-l (ATCC No. HB 9738). BrE^Z (ATCC No. HB 
97951. and Mc5 antibodies, among others, and fragments thereof. All of the 
antibodies exemplified above selectively bind to the human marrtmary mucin, and 
more particularly to the human mammary fat globule (HMFG). However, 
antibodies with drff erent specificities for antigens of the target species are also 
1 5 encompassed. Examples of peptide transmitters and hormones suitable for use 
herein are insulin, growth hormone. FSH. LH. endorphins, and TNF. among 
others. Examples of enzymes are peroxidase, LDH, alkaline phosphatase and 
galactosidase, among others. 

In a particulariy preferred embodiment of the hybrid analogue, the 
20 analogue peptide polymer of the invention comprises non-human CDRs and 
variable region sequences, and the effector peptide comprises the constant 
region of the light or heavy chains of a human antibody or fragments thereof 
capable of being bound by immunoglobulins of a drff erent. species selectively 
binding to the constant regions of antibodies, protein G or protein A. or 
25 fragments having this binding capability. Also preferred is a half humanized/half 
chimeric or murine antibody (e.g., humanized light chain and murine or chimeric 
heavy chain and vice versal. In one of the most preferred embodiments, the 
analogue pcptide(s) comprise(s) all CDRs, flanking sequences of 1 to 10 amino 
acids connecting them, and an N-terminal region of at least up to 10 amino 
30 acids. One preferred embidiment comprises the fully humanized BrE-3HZ or 
HuBrE3V2, ATCC No. HB 11200 and the fully humanized HuKC-4HZ or 
HuKC4V2. ATCC No. HB 11455. both of v/hich were deposited under the 
Budapest Treaty as an example of a best mode of this Invention on November 
13. 1992 and September 23. 1993. respectively. Other most preferred 
35 embodiments are those having chimeric heavy chains and humanized light chains 

such as the HuBrE3Vl, ATCC No. HB , deposited on November 10. 

1993. and the HuKC4Vl. ATCC No. HB 11454 deposited on September 23. 
1993. and those having chimeric light chains and humanized heavy chains such 
as the HuBrE3V3. ATCC No. HB deposited on November 10, 1993. and 
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HuKC4V3. ATCC No. HE H456 depofited'on Sepi6mber*23. 1993. a" 
aeposited under The Budapest Treaty as an example of a desi mode of This 
invention). 

The hybrid analogue polymer may comprise two heavy and two light 
5 chains, each (ighi ano heavy chain comprising at least one CDR or analogue 
variable region polypeptide or fragments thereof of one species and the constant 
region and the substitute amino acids of an antibody of a different species such 
as human, at least one other CDR. analogue variable region, chimeric Fab , Fab' 
or (Fab- 1, , fragments thereof, combinations thereof, and mixtures thereof. Still 

1 0 more preferred is a hybrid analogue peptide comprising at least two "humanized- 
murine-human or chimeric antibody fragmenu thereof. Fab. Fab' or (Fab'), 
fragments thereof operatively linked to one another. The peptide fragments may 
be covalently anached to one another as is known in the aa (fwlarchis-Mouren G.. 
et al., "HT 29. 3 Model Celt Une: Stimulation by the Vasoactive Intestinal Peptide 

15 <VtP): VIP Receptor Structure and Metabolism'. Bioch. 70 (5):663-71 {1988)1. 
or they may be synthesized by methods known in the aa (Allen. G.. et al,. 
"Production of Epidermal Growth Factor in Escherichia Coli from a Synthetic 
Gene-. J. Cell Sci. Suppl. 3:29-38 (1985)). 

The hybrid analogue polymer of the invention described above may have 

20 two heavy and two light analogue chains operatively linked to one another, 
where each pair of heavy and light chains, has specificity for a different epitope. 
One example of this analogue peptide is a pair of "humanized" variable region 
heavy and light chains of a BrE-3 analogue peptide and a pair of "humanized" 
variable region light and heavy chains of a KC-4 analogue peptide that are 

25 covalently attached to one another by a peptide or non-peptida polymer or a 
disulfide bridge, or non-covalantJv by means of a leucine zipper or two helical 
structures, and the like. Non-peptide polymers may be covalently anached to 
peptides by methods known in the an (Duronio, V.. et al.. "Two Polypeptides 
Identified by Interieukin 3 Cross-Unking Represent Distinct Components of the 

30 interieukin 3 Receptor*. Exp. HematoL 20 (4):505-11 (1992)). In another 
embodiment, the invention provides a hybrid analogue peptide comprising at 
_ least one CDR or analogue variable region of the heavy chain of an antibody of 

a first species or fragmenu thereof, operatively linked to a first effector agent, 
and at least one CDR or analogue variable region of the light chain of an antibody 

35 of a second species or fragments thereof operatively linked to a second effector 
agent and combinations thereof, wherein each pair of light and heavy chains has 
a predetermined specificity, combinations thereof, and mixtures thereof. In 
another preferred embodiment of the hybrid analogue peptide, at least one CDR 
or analogue variable region of the heavy chain of a murine antibody or fragments 
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tfiereor and al least one CDR or variable ;gion of the light chain of a murine 

antibody or fragments thereof are finked to one another by a non-peptide polymer 
such as an isoprene polymer or monomer. In still another preferred embodiment, 
the hybrid analogue peptide of the invention is one wherein at least one pair of 
5 light and heavy chains comprising at least one murine CDR or analogue variable 
region or fragment thereof is linked to at least one other pair of light and heavy 
chains comprising at least one murine CDR or analogue variable region or 
fragment thereof. In another embodiment the two or more F, regions are 
covalently attached to one another by a peptide or non-peptide polymer or a 

10 disulfide bridge, or non-covalently by means of a leucine zipper or two helical 
structures, and the like. In a most preferred embodiriient, the analogue peptides 
and hybrid polypeptides of the invention have affinity and specificity for an 
epitope located in the most hydrophiiic region of a 20 amino acid tandem repeat 
that makes up a large pan of the polypeptide core of mammary mucin, to 

1 5 hexamer fragments of the sequence APDTRPAPG or trimer TRP fragments shown 
to afford the strong binding of all five different monoclonal antibodies raised 
against the human mammary fat globule (Mcl. Mc5, BrE-1, BrE-2 and BrE-3). 
The monoclonal antibodies were shown to bind to different but overlapping 
polypeptide epitopes but to have different tissue and tumor specificities, to 

20 quantitatively differ in their binding to tumor cells such as breast carcinoma ceil 
lines when observed by flow cytometry and have different competition panems 
for binding to the native antigen on breast carcinoma cells. Also preferred 
amongst antibodies utilized for the preparation of the present analogue peptide 
and hybrid polypeptide are those that exhibit strong binding to the hexamer 

25 peptides described above or to fragments comprising a TRP trimer to tandem 
repeats thereof. In one most preferred embodiment, the analogue peptide 
comprises the humanized mutein antibody expressed by the hybridoma cell line 
having the ATCC Accession No. HB 1 1200 (BrE-3 HZ). This cell was deposited 
with the ATCC under the Budapest Treaty on November 1 3, 1992. In another 

30 most preferred embodiment, the analogue peptide comprises the humanized 
mutein antibody expressed by the hybridoma cell line having the ATCC 
- Accession No. HB 1 1455 (HuKC-4V2), deposited under the Budapest Treaty on 

September 23. 1993. Tliese were deposited as the best mode of the invention 
known to the inventors. 

35 The anti-tumor analogue peptide and/or hybrid analogue polymer of the 

invention are also provided as an anti-tumor composition along with a carrier or 
diluent, preferably a pharmaceutically-acceptabie carrier or diluent. The anti- 
tumor analogue peptide and the hybrid polymer provided herein may be present 
in the composition in an amount of about 0.001 to 99.99 wt%, more preferably 
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about 0 01 to 20 wt%. and still more preferibly about 1 to 5*wt%. How: /er. 
other amounts are also suitable.. Carriers generally, and pharmaceut.c.Hy. 
acceptable carriers in panicular are known in the aa and need not be further 
described herein. The carrier may be provided in a separate sterile container or 
in admixture with the polypeptide. Typically, saline, aqueous alcoholic solutions, 
albumin-saiine solutions, and propylene glycol solutions are suitable. However, 
others may also be utilized. When utilized for therapeutic purposes the proteic 
material must be of a purity suitable for human administration, and the 
composition may contain other ingredients as is known in the an. Examples of 
these are other anti-neoplastic drugs such as adriamycin and mitomycin. 
Cytoxan. PALA and/or methotrexate, among others. However, other therapeutic 
drugs, carriers or diluents, immunological adjuvants and the like may be also be 
added. When the composition described above is utilized for in vivo imaging, it 
may comprise about 0.001 to 99.9 wt% analogue peptide, and more preferably 
about 0.01 to 25 wt% analogue peptide. Typically, when the composition is 
utilized for therapeutic purposes It may contain about 0.001 to 99.9 wt% 
analogue peptide, and more preferably about 0.01 to 30 wt% analogue peptide. 
When utilized for the ex vivo purging of neoplastic cells from bodily fluids such 
as spinal fluid, the composition may comprise about 0.0001 to 50wt%. and 
preferably about 0.01 to 20wt% analogue peptide. When applied to the in vitro 
diagnosis of tumors such as carcinomas the composition of the invention may 
comprise about 0.001 to 35 wt% analogue peptide, and more preferably about 
0.01 to 10 wt% analogue peptide. Other amounts, however, are also suitable. 

Such products find one utility in the treatment of tumors such as 
carcinomas, such as breast, lung, ovary, endometrial, pancreas, prostate and 
colon cancers, among others. The 'humanized', 'half humanized' and 'partial'y 
humanized- analogue peptides may be used for the in vivo treatment or diagnosis 
of humans. The "animalized-. "half animalized' and 'partially animalized" 
analogue peptides of the invention may be utilized for the treatment of non- 
human species such as were described above insofar as the amino acids of the 
species are substituted for those of the xenogeneic amino acids present at a 
specific location, and any constant region present in the analogue. The pres.ent 
analogue peptides are particulariy suitable for repeated administration to a 
subject and for long term therapy, such as is the case of metastases and/or the 
reoccurrence of tumors. Of all analogues described and encompassed herein, the 
ones most suitable for in vivo applications are those that exhibit low or no 
binding to serum antigens and to normal cells. Suitable for in vitro or ex v.vo 
uses are those that exhibit good binding to tumor cell antigens such as the 
carcinoma cell antigen and weak or no binding to normal cells. Even though a 
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paiiem mav have in circulation an interfering amount of a morecuie tha\ can bind 
the analogue peptide, the peptide may still be aoministered after removal of 
such serum molecule either by ex-vivo procedures or by administration of flush 
doses of the analogue peptide or fragments thereof. 
5 A kit for the diagnosis of tumors such as carc.nomas may comprise a 

composition comprising the anti-tumor analogue peptide of the invention, a solid 
suppoa. anti-tumor antibody (positive control), immunoglobulins of a different 
species selectively binding the constant regions of the antibody, protein G or 
protein A. and instructions for its use. This diagnostic kit may be utilized by 

10 covalently auaching the antigen or the analogue peptide of the invention or a 
fusion protein thereof to the solid support by means of a linker as is known in the 
art. In a particularly preferred embodiment, the suppon is coated with a 
polypeptide such as methylated albumin as described in US Patent No. 
4.572.901 . the relevant text of which is incorporated herein by reference. When 

1 5 a biological sample is added to a wefl. the analogue peptide of the invention will 
bind any tumor antigen, such as a carcinoma antigen, present in the biological 
sample. If a competitive assay *is utiliied, to the solid supported antigen or 
hybrid peptide thereof are added a known amount of the analogue peptide and 
the sample. Thereafter, ^-globulin, protein G or protein A in labeled form may 

20 be added for detection. Anti-tumor antibodies of a first species may be obtained 
by challenging a subject of another species with tumor cells such as carcinoma 
cells, the human milk fat globule mucin and the like, as is known in the art 
(Peterson. J.A., et al., Hybridoma 9:221 (1990); US Patent No. 4.708.930). 
Monoclonal antibodies may be prepared as described by Kohler and Milstein 

25 (Kohler. G- and Milstein. C. "Continuous Culture of Fused Cell Secreting 
Antibody of Predefined Specificity. Nature 256:495-497 (1975)1. Suitable for 
use in this invention are antibodies such as IgG. IgM. IgE. IgA. and IgD. Protein 
A. protein G and rflfobulin may be obtained commercially. 

A diagnostic kit for detecting tumors such as carcinomas, and more 

30 paniculariy human carcinomas is provided herein that comprises an anti-tumor 
composition comprising a hybrid analogue peptide and an effector agent 
comprising an enzyme, a radioisotope, a fluorescent label and/or a peptide 
comprising the constant region of an antibody of the species for which use it is 
intended, or fragments thereof capable of binding anti^onstant region 

35 immunoglobulins, protein G or A. anti-tumor antibody, anti-constant region 
immunoglobulins, protein G or protein A. a solid suppoa having operatively Imked 
thereto an antigen which specifically binds to the anti-tumor hybrid analogue 
peptide of the invention and the antibody, and instructions for its use. When the 
effector agent comprises a peptide, such as the constant reg.on of an antibody 



37 



of the target species, the solid suppon may have operatively linkejJ thereto ar 
antibody which soecifically binds to a poaion of a fusion protein other than the 
antigen of the invention. This permits the binding of the anti-tumor analogue 
peptide to the antigen molecule now anached to the solid support. Any complex 
5 formed between the hybrid analogue peptide of the invention and the supported 
tumor antigen will. thus, remain anached to the solid substrate. A competitive 
assay may then be conducted by addition to the solid suppoaed antigen of a 
known amount of the hybrid antigen peptide and the sample. The amount of 
antigen present in the sample may be obtained from a dilution curve by addition 
1 0 of ami-constant region immunoglobulins, protein G. protein A or other antibody 
binding molecules, e.g., labeled, to bind the hybrid analogue peptide that is now 
attached to the suppon. This kit may be used in a competitive assay where the 
supported antigen molecule competes with antigen in the sample for a known 
amount of the analogue peptide of the invention. The assay was described by 
15 Ceriani. R.L.. et al. (Ceriani. R.L.. at al.. Anal. Biochem. 201:178-184 (1992)). 
the relevant text thereof being incorporated herein by reference. 

A tumor such as a carcinoma may be imaged in vivo and/or diagnosed by 
administering to a subject suspected of carrying a carcinoma the anti-tumor 
analogue peptide of the invention in radiolabeled form, in an amount effective to 
20 reach the tumor cells and bind thereto, and detecting any localized binding of the 
labeled analogue peptide to the tumor. Typically, the analogue peptide of the 
invention may be administered in an amount of about 0.001 to 5000 mg/kg 
weight per treatment, more preferably about 0.01 to 5000 //g/kg weight par 
treatment, and more preferably about 0.1 to 500 u^/kg weight per treatment. 
25 However, other amounts may also be utilized. Radiolabels that may be utilized 
are "'In, '"1. "^c. and "M, among others. These radioisotopes may be 
detected with a PET scanner, NMR imaging, and radioactivity counting apparatus 
that are in wide use by the medical community. 

The presence of a tumor such as a carcinoma may also be diagnosed in 
30 vitro by contacting a biological sample with the anti-tumor analogue peptide or 
hybrid polypeptide of the invention to form an anti-tumor analogue pepiide- 
antigon complex with any tumor antigen present In the sample, and detecting 
any complex formed. The biological sample is typically obtained from a subject 
such as a human suspected of being afflicted with the tumor. Suitable biological 
35 samples are serum, blood, sputum, feces, lymph fluid, spinal fluid, lung 
secretions, and urine, among others. Cleariy. any source of fluid, tissue and the 
like may be prepared for use in this method as is known in the an. 

Neither the hybrid half chimeric/half humanized BrE-3 analogue peptide 
nor the chimeric BrE-3 polypeptide of the invention or the murine BrE-3 antibody 
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show subsrantially strong binding to normal tissue. The hybrid BrE-3 analogue 
peptide shows a binding panern similar to the chimeric BrE-3 polypeptide and the 
murine BrE-3 antibody. The murine BrE-3 antibody was shown to bind with 
specificity to various tumors such as carcinomas of the breast, lung, ovary. 
5 bladder, and the endometrium, mesothelioma, colon, kidney, liver, pancreas, 
salivary glands, sarcomas and thyroid, among others. Weak binding was only 
shown to normal breast tissue, lung tissue, distal convoluted tubes of the kidney, 
acini of the pancreas and stomach mucosa {Peterson. J.A.. et at. (1990), supra). 
The KC-4 hybrid murine peptide has tissue specificitY similar to that of the 

10 murine KC-4 antibody. The KC^ monocional antibody was shown to bind 
specificallv and strongly to solid tumor tissue in the lung, colon, kidney, breast, 
stomach, prostate, pancreas. lymph node duct and lymphoma, and non- 
specifically and weakly to normal breast, kidney, and stomach tissue. KC-4 also 
showed some weak binding to normal tissue including spinal cord, uterus. 

1 5 thyroid, tongue, prostate, spleen, adrenal, lung, gall bladder, heart, lymph nodes, 
colon, liver, brain, testes, thymus, and placenta (U.S. Patent No. 4.708.9301. 
In one preferred embodiment of the in vitro diagnostic method, the anti- 
carcinoma analogue peptide added to the biological sample comprises a labeled 
hybrid analogue peptide. Suitable labeling materials were described above. This 

20 method may be practiced, with the solid support containing kit described above, 
as a competitive assay as disclosed by Ceriani, R.L.. et al,{Ceriam. R.L., et al. 
(1992). supra). 

The present analogue peptides are also applicable to the purging of 
neoplastic cells, such as carcinoma cells, from biological samples, be it fluid or 

25 tissue samples. The purging of neoplastic cells from a fluid sample is part of the 
invention and may bo practiced by contacting a biological fluid suspected of 
comprising neoplastic cells with the analogue peptide of the invention, which is 
capable of selectively binding to an antigen of the neoplastic cells and allowing 
the peptide to bind to the antigen, and separating the analogue peptide-cell 

30 complex from the remainder of the fluid. 

This method may be utilized for purging unwanted cells ex vivo by 
extracting a biological sample from a patient, eliminating the neoplastic cells 
therefrom by separation of the analogue peptide-cell complexes or by further 
addition of an effector such as complement or a toxin or a radioactive label that 

35 can act upon the cell and then replenishing the purged sample to the patient. 
This is typically suitable for use with spinal taps where spinal fluid is rid of 
neoplastic cells such as carcinoma cells prior to reinjection. Other fluids may 
also be treated in this manner. 

The present analogue peptides may also be applied to the htstochemical 
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assessment of me orosence of neoplastic cells st :i as carcinoma cells in a 
"tissue obtained from a subject suspected of being ,:flicted by a carcinoma by 
methods that are standard in the art. like the preparation of tissue slices and 
fixation on a solid substrate to permit the application of the peptide and then the 
5 assessment of any binding to neoplastic cells in the sample as indicated by the 
formation of complexes between the analogue peptide and antigens on or in the 
ceUs. 

The growth or the size of a primary or metastasized tumor or neoplasia 
such as a carcinoma may be inhibited or reduced by administering to a subject 

10 in a need of the treatment an effective amount of the anti-tumor hybrid analogue 
peptide of the invention. Typically, the hybrid analogue -peptide may be 
administered in an amount of about 0.001 to 2000 //g/kg body weight per dose, 
and more preferably about 0.01 to 500 mg/kg body weight per dose. Repeated 
doses may be administered as prescribed by the treating physician. However. 

1 5 other amounts are also suitable. Generally, the administration of the hybrid 
analogue peptide is conducted by mfusion so that the amount of radiolabel, toxin 
or other effector agent present that may produce a detrimental effect may be 
kept under control by varying the rate of administration. Typically, the infusion 
of one dose may last a few hours. However, also contemplated herein is the 

20 constant inhjsion of a dose for therapeutic purposes that will permit the 
maintenance of a constant level of the hybrid polypeptide in serum. The infusion 
of the hybrid analogue peptide of the invention may be conducted as follows. 
Intravenous <I,V.) tubing may be pretreated. e.g.. with 0.9 % NaCl and 5% 
human serum albumin and placed for intravenous administration. The prescribed 

25 dose of the analogue peptide may be infused as follows. Unlabeled analogue 
peptide may be infused initially. 30 minutes after completion of the unlabeled 
antibody infusion. "'In-labeled and •^Y labeled antibody may be co-infused. The 
j.V. inhision may comprise a total volume of 250 ml of 0.9 % NaCl and 5 % 
human serum albumin and be infused over a period of about 2 hours depending 

30 on any rate-dependent side effects observed. Vital signs should be taken every, 
e.g., 1 5 minutes during the infusion and every one hour post infusion until 
stable. A thorough cardiopulmonary physical examination may be done prior to. 
and at the conclusion, of the infusion. Medications including acetaminophen, 
diphenhydramine, epinephrine, and corticosteroids may be kept at hand for 

35 treatment of allergic reactions should they occur. The administration of the 
hybrid analogue peptide of the invention may be repeated as seen desirable by 
a practitioner. Typically, once a first dose has been administered and imaging 
indicates that there could be a reduction in the size of the tumor, whether 
primary or metastasized, repeated treatments may be administered every about 
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1 to 100. -ind more preferably about 2 to 60 days. These repeated treatments 
may be continued for a period of up to about 2 years, and in some circumstances 
even for longer periods of time or until complete disappearance of the tumor(s). 
The administration of the hybrid analogue peptides of this invention is typically 
5 more useful for therapeutic purposes when a primary tumor has. for exampte. 
been excised. Thus, it is primarily, for mopping up aher surgical intervention or 
in cases of cancerous metastases that the present method is of most use. 

A pure, isolated analogue polydeoxyribonucleotide that comprises an 
analogue oHgodeoxyribonudeotidB encoding the analogue peptide or hybrid 

1 0 peptide of this invention, including alt redundant sequences may be applied to the 
preparation of the peptide. In one preferred embodiment, the analogue 
poiydeoxyribonudeotide of the invention comprises a DNA sequence selected 
from the group consisting of DNA sequence ID No. 64 of Table 45. or DNA 
sequence ID No. 65 of Table 46, or DNA segments encoding the CDR fragments 

1 5 sequence 10 No. 68. 70 and/or 72. or 76. 78 and/or BO flanked by 1 to 10 or 
more amino adds, and the N-terrpinal fragment of 1 to 10 or more amino acids 
of human origin. The above DNA sequences may be cloned for expression under 
the same promoter. Similarly preferred are also the DNAs having the sequence 
ID No: 93 and/or 94 of Tables 52 and 53 and the segments encoding their CDR 

20 fragments alone or separated by DNA segments encoding 1 to 10 or more 
flanking amino adds and/or terminated by DNA segments encoding 1 to 10 or 
more amino adds of the N-terminus. 

Also provided herein is a hybrid vector that comprises a vector having the 
analogue polydeoxyribonucleotide of this invention operatively linked thereto. 

25 Typically, vectors capable of replication both in eukaryotic and prokaryotic cells 
are suitable. When the preparation of, a glycosylated analogue polypeptide is 
desired the vector should be suitable for transfection of eukaryotic host cells. 
In one preferred embodiment, the hybrid vector comprises the analogue 
polydeoxyribonucleotide and a polydeoxyribonucleotide comprising an 

30 oligodeoxyribonudeotide encoding an effector peptide, the effector pepiide- 
encoding poiydeoxyribonudeotide being operatively linked to the vector. As 
already indicated, the various DNA sequences may be cloned for expression 
under the same promoter. In addition, the poiydeoxyribonudeotide encoding the 
effector polypeptide may also be cloned for expression under the same promoter. 

35 This invention also encompasses a host cell that has been transfected 

with the hybrid vector described above. Suitable hosts are prokaryotic and 
eukaryotic hosts such as bacteria, yeast, and mammalian cells such as insect 
cells and non-produdng hybridofna cells, among others. Suitable vectors and/or 
plasmids for the transfection of each one of these types of hosts are known in 
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the an and need not b. fur t.er described herein. Also known in me an are 
methods for cloning DNA sequences into each one of these types of vectors and 
for transf acting the different types of host cells. Panicularly preferred is the cell 
line having the ATCC Accession No. HB 11 200 (BrE-3 HZ). 
5 Potyribonudeotides may be obtained by transcription of the 

polydeoxyribonucloeiides described above as is known in the an. Provided 
herein are analogue polyribonucleotides comprising analogue oligoribonucleotides 
encoding at least one COR or an analogue variable region or fragments thereof, 
combinations thereof, and combinations thereof with an effector peptide may be 

10 prepared by cloning the desired DNA segments and then transcribing the thus 
obtained hybrid polydeoxyribonucleotide into the corresponding RNA sequences. 
The analogue peptide which specrfically binds to an antigen on the 
surface or in the cytoplasm of a neoplastic cell, or is released by the cell, may 
be produced by a method that comprises cloning the analogue 

1 5 polydeoxyribonucleotide of the invention into a vector to form a hybrid veaor. 
transfecting a host cell with the hybrid vector and allowing the expression of the 
anti-tumor analogue peptide, and isolating the anti-tumor polypeptide or mixtures 
thereof. The DNA segment encoding the analogue polypeptide may be obtained 
by chemical synthesis or by site-specific modification of the sequence encoding 

20 the variable region of the xenogeneic species by PGR amplification with 
specifically designed primers as is known in the art. The fragment DNAs may 
also be prepared by PCR with primers that introduce a stop codon at a desired 
position as is known in the art. Preferably, the cloning and transfection steps are 
conducted by cloning polydeoxyribonucleotides encoding the analogue peptides 

25 selected from the group comprising at (east one CDR or analogue variable region 
of the heavy or light chains of the xenogeneic species, antibodies thereof, or 
fragments thereof. The method may further comprise allowing the expressed 
analogue peptides to interact with one another to form double chain analogue 
peptides, one or both analogue peptide chain comprising at least one xenogeneic 

30 CDR or variable region of the light or heavy chain of the antibody or fragment 
thereof modified as described above. Still part of this invention is a method of 
producing a hybrid analogue peptide comprising an effeaor peptide and an 
analogue peptide which specifically binds to an antigen on the surface or in the 
cytoplasm of a tumor cell such as a carcinoma cell or that is released by the cell. 

35 the method comprising transfecting a host cell with the hybrid vector of this 
invention carrying a DNA sequence encoding the hybrid analogue peptide, 
allowing the expression of the hybrid analogue peptide, and isolating the hybrid 
analogue peptide or mixtures thereof. The techniques for obtaining mRNA. 
conducting reverse transcription and PCR amplification of DNA. chemical 
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s\ nthesis of primers, cloning DNA sequences into a vector, transfecting a host 
cell, and purifying polypeptides from a culture medium are known in the aa and 
need not be further described herein. 

Another aspect of this invention relates to an anti-idiotype peptide that 
5 comprises polyclonal antibodies raised against anti-tumor antibodies, the 
analogue peptide of the invention, monoclonal antibodies thereof, fragments 
thereof selected from the group consisting of CDRs. Fab, Fab'. (Fab'li . and 
variable region fragments and fragments thereof, analogues thereof seleaed 
from the group consisting of Fab. Fab'. (Fab'l, , and variable regions thereof. 

10 wherein about 1 to at least 46 amino acids in the FRs are substituted per chain 
with amino acids selected from the group consisting of amino- acids present in 
equivalent positions in human antibodies, or fragments thereof comprising 1 to 
3 CDRs per chain and flanking regions thereof, each of about 1 to 10 or more 
amino acids, alone or with an N-terminal fragment of about 1 to 10 or more 

1 5 amino acids. The technique for obtaining anti-idiotype polypeptides is known in 
the an and need not be further described herein (Nisonoff, A. and Umoyi. 
"Implication of the Presence of an Internal Image of an Antigen in Anti-idiotype 
Antibodies: Possible Applications to Vaccine Production", Clin. Immunol. 
Immunopathol. 21:397-406 11981)). Moreover, the techniaue for producing 

20 hybridomas secreting monoclonal antibodies of a cenain specificity is also known 
in the art (Kohler, G. and Milstein. C. (19751. supra). Techniques for obtaining 
different antibody fragments were described above or are known in the art and 
need not be further described herein (Wilbanks. T„ et al., "Localization of 
Mammary Tumors In Vivo with "M-Ubeled Fab Fragments of Antibodies Against 

25 . Murine Mammary Epithelial {MMEI Antigens", Cancer 48:1768-1775 (1981)). 
The techniques for modifying peptides to obtain the analogue peptides of this 
invention have been described above or are known in the aa. 

The hybrid anti-idiotype polymer may fuaher comprise an effector agent 
operatively linked to the anti-idiotype polypeptide. Effector agents suitable for 

30 use herein were described above for the anti-tumor analogue polypeptide of the 
invention are also suitable for use with the anti-idiotype polypeptide. Preferred 
" hybrid polymers are polyclonal antibodies raised against the anti-tumor 

monoclonal antibodies or the analogue peptide of the invention, and a 
monoclonal antibody obtained by fusion of a B-cell producing an antibody having 

35 specificity for the analogue peptide of the invention and an immortalized cell line. 
Also preferred are fragments of the monoclonal antibody such as Fab. Fab', 
(Fab'), and variable region fragments, analogues and fragments thereof as 
described above, and CDRs. Also, as described above for the anti-tumor 
polypeptide analogue, preferred are combinations of the above fragments and 
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analogues .-id combination: of the tragments with whole antibodies and 
analogues tnereof. In another preferred embodiment, the anti-idiotvpe polymer 
comprises an analogue variable region of a monoclonal antibody linked to a 
peptide comprising the hexamers or trimers described above or tandem repeats 
5 thereof. 

DNA and RNA segments encoding the anti-idioiype polymer and hybrid 
polymer, a hybrid vector having the DNA operatively linked thereto and a host 
cell transfected with the hybrid vector are also contemplated herein. 

Also provided herein is an anti-tumor vaccine that comprises the anti- 

10 idiotype polypeptide of the invention, and a pharmaceutically-acceptabte carrier. 
Typically, the anti-idiotype polypeptide is present in the composition in an 
amount of about 0.001 to 99.99 wt%. and more preferably about 0.01 to 50 
wt% of the composition. However, other amounts are also suitable. 
Pharmaceuticallyacceptable carriers are known in the an and need not be fuaher 

15 described herein. The vaccine provided herein may further comprise other 
ingredients such as adjuvants, and the like. Examples of adjuvants are SAF-1 
and Freund's. among others. Suitably, other ingredients typically used for the 
preparation of vaccines may also be utilized herein. In one embodiment, the 
vaccine of the Invention may be provided in unit form as a powder or in a 

20 diluent. In another embodiment, it may be provided in powder form in a sterile 
container comprising a plurality of doses for preparation prior to utilization. 
Diluents that are suitable for the preparation of a formulation that may be 
administered to a patient by injection are known in the art. Examples were 
provided above. 

25 An anti-tumor vaccination kit is also provided by this invention that 

comprises, the vaccine described above and a diluent in separate sterile 
containers, and instruCTions for its use. 

An effective amount of the anti-idiotype polypeptide or hybrid 
polypeptide described above may be administered to vaccinate a human. Typical 

30 amouTits administered to vaccinate a human are about 0.001 to 5000 mg/kg 
body weighi/dose. more preferably about 0.1 to 5000 //g/kg body weight/dose. 
The anti-idiotype vaccine of the invention may be administered repeatedly m 
order to boost the active immunization produced by the first dose. An anti- 
idiotype antibody very likely resembles the epitope on the neoplastic cell to 

35 which the anti-tumor antibody binds. Thus, it may be utilized for the production 
of an immunological response fay a subjea such as a human or other mammals 
against its own neoplastic cells. 

When an anti-idiotype polypeptide of. e.g.. non-human origin is 
administered to a. e.g., human, it may produce a somewhat detrimental 
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resDonse. Accordingly, in theory, the smaller the non-human amino acid 
sequence the anti-idioiype polypeptide contains, ihe lesser the immunogenic 
response to its xenogeneic sequences It will elicit in a human. Accordingly, 
preferred anri-idiotype polypeptides are those containing at least one CDR or 
5 variable region of a non-human antibody binding specifically to the ami-tumor 
polypeptide described herein, optionally as a hybrid polypeptide. Also preferred 
are human anti-idioiype antibodies. CDR and variable fragments thereof, and 
fragments thereof that are operatively linked to an effector agent comprising a 
human polypeptide that may indude the constant region of a human antibody 

1 0 and fragments thereof, non-peptide polymers, monomers and atoms that may be 
radiolabeled as described above. Other types of construas are also possible, 
several of which were described above. 

Peptides comprising the sequence APDTRPAPG or fragments 
thereof comprising hexamers with the trimer TRP or TRP by itself or tandem 

15 repeats thereof may also be utilized for the preparation of the fusion protein, 
panicularfy as paa of the antigenic peptide. The peptide comprising the 
hexapeptide or tripeptide sequences may be utilized as a tandem repeat 
comprising up to about 10.000 repeats of the basic unit, an in some instances 
up to about 500.000 repeats. In another embodiment, peptides comprising one 

20 or more hexaoeptides or tripeptides may be operatively linked to other 
polypeptide sequences of related or unrelated function, which sequences provide 
bulk that aids the clearance through the liver and/or kidneys of the immunological 
complex formed between the circulating unbound or residual antibody or 
polypeptides utilized for the therapy of neoplasias such as carcinomas and the 

25 hexapeptide. The peptides comprising the hexapeptide or tripeptide may also be 
provided as a hybrid analogue peptide with other analogue peptides described 
above. In the absence of such treatment, the therapeutic antibody, which may 
carry a radioisotope, a toxin or other therapeutic molecules, may remain in the 
circulation for several days and in some instances weeks. This, in the case of a 

30 radioactively labeled antibody or analogue of the invention may produce 
extensive damage, which is highly detrimental to the heaWi of the patient, and 
in some instances lethal. 

Thus, the serum concentration of a circulating antibody or polypeptide 
that binds to an antigen on the surface or in the cytoplasm of tumor cells such 

35 as carcinoma cells or released by the cells may be lowered by administering to 
a subject the anti-idiotype polypeptide described above, in an amount effective 
to bind the circulating polypeptide, to thereby accelerate its clearance. Typically, 
the anti-idiotype polypeptide or hybrid polymer are administered in an amount of 
about 0.001 to 5000.00 mg/kg body weight/dose, more preferably about 0.01 
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to 5< 00 mg/kfl body weight/dose. However, other amounis may also be utilized. 
The idministration of the anti-idiotype polypeptide may be infusion as described 
above. 

The growth or the size of a primary or metastasized tumor may be 
5 inhibited or reduced by administering to a subject in need of the veatment an 
effective amount of an antibody or an anti-tumor hybrid analogue peptide 
comprising an effeaor agent seleaed from the group consisting of radioisotopes, 
therapeutic drugs and vaccines, and an anti-tumor polypeptide which specificaDy 
binds to an antigen on the surface or in the cytoplasm of a tumor cell or 
10 released by the cell, allowing the hybrid polypeptide to reach the tumor and the 
polypeptide to bind thereto, and administering to the subject an amount of the 
anti-idiotype polypeptide of the invention effective to bind residual or unbound 
circulating hybrid analogue peptide to thereby accelerate the clearance of the 
hybrid polypeptide. 

1 5 Having now generally described this invention, the same will be better 

understood by reference to certain specific examples, which are included herein 
for purposes of illustration only and are not intended to be limiting of the 
invention or any embodiment thereof, unless so specified. 



EXAMPLES 

20 Example 1: Methods Utiliied 

The procedures utilized herein for the reverse-transcription (RT) of RNAs 
encoding the variable regions and the subsequent amplification of the cDNAs by 
the polymerase chain reaction (PGR) have been described iOrlandi, R-, et at.. 
■Cloning Immunoglobulin Variable Domains for Expression by the Polymerase 

25 Chain Reaction*, PNAS (USA) 86:3833-3837 (1989); Coloma, M.J.. et al.. 
"Primer Design for the Cloning of Immunoglobulin Heavy-Chain Leader-Fvs from 
Murine Hybridoma Calls Using the PGR". Bio.Techniques 11:152-156 (1991): 
Gavilondo-Cowley, J.V., et al., "Specific Amplification of Rearranged 
Immunoglobulin Fv Genes from Murine Hybridoma Cells". Hybridoma 9:407-41 7 

30 (1990)). 

Total RNA is an adequate substrate for RT-PCR. Polyadenylated RNA 
was utilized herein, however, because it contains only minor levels of 
contaminating ribosomal RNA and practically no DNA. The polyadenylated RNA 
was isolated with a Fast Track mRNA isolation kit (Invruogen Corporation, San 
35 Diego. CA), 

The oligonucleotides were synthesized on a PCR-Mate EP DNA 
synthesizer model 391 (Applied Biosystcms. Foster Crty. CA). A PGR murine Ig 
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primer set was purchased from Novagen {Madis- . Wi,. and compiementary DNA 
(cDNA) was prepared wixh an RNA PCR kix iPi: :in Elmer-Cetus. Norwatk. CTl, 

PCR DNA fragments were cloned directly into pCRlOOO. using a TA 
cloning kit (Invitrogen Corporation, San Diego. CA). Plasmid DNA was isolated 
5 with a kit purchased from Qiagen fTchapswonh, CA). and DNA sequencing was 
conducted with a Sequenase 2.0 DNA sequencing kit (United States Biochemicat, 
Cleveland. Ohio) using aqueous 5'ff-"SdATP at 600 mCi/mmol {Amersham 
Corporation, Arlington Heights, II). 

Sequence anafysea were performed on a Macintosh computer using the 
10 program GeneWorka (IntelliGenetics, Inc, Mountain View, CA). 

Example 2: Tisaue Culture Media 

SP2/0-Agl4 ceils (Shutman, M., at al. (19781, below) were cultured 
either in Dulbecco's rnodified Eagle's medium (DME): fetal bovine serum (FBS), 
90:10 (v/v) or in a mixture of DME:RPMI:FBS. 45:45:10 (v/v/v) or flPMI:FBS. 
15 90:10 (v/v). Penicillin and streptomycin were added to prevent bacterial growth. 
When serum-free medium was utilized, it contained an HL-1 supplement as 
directed by the manufacturer (Venwex Labs.. Portiand. ME). The freezing 
medium was 10% DMSO in bovine serum. 



Example 3: PCR Primers 
20 Primers and primer mixtures Mulg/rV^B'-C. Mulg/lVt3'-1 . MuIgV^S'-C. 

MulgVH5'-F. and MuIgKVK3'-2 were part of a primer set purchased from 
Novagen. Their sequences may bo obtained from Novagen. Other primers ware 
synthesized by the inventors. These sequences are shown in Table 12 below. 



25 



Table 12: Synthetic Primers 



J02- T GAA GCT TGC TCA CTG GAT GGT GGG AA (Seq. ID No: 1 ); 

J03- AGA TGG GGG TGT CGTTTT GG (Seq. ID No: 2): 

J04. GCT TGA ATT CCA GGG GCC ACT GGA TAG A (Seq. ID No: 3): 

VhIBACK (*) • AG GT(CG) (CA)A(GA) CTG CAG tCG)AG TCfTA) GG 
2Q " (Seq. ID No: 4) ; 

J014- ATG TAC TTG GGA CTG AAC TAT GTC TT (Seq. ID No: 5). 

• Oriandi. R., el at (Oriandi. R.. et al. •Cloning Immunoglobulin Variable 
Domains for Expression by the Polymerase Cham Reaction . PNAi 
35 (USA) 86: 3833-3837(1989)). 
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EMamole 4 : Cloning of Chimeric 8fE-3 Arttibodv 
PolydaoxYribonucleotide 

Two expression vectors oAG4622 and pAH4604 were utilized herein 
(Coloma. M J., et al,. "Novel Vectors for the Expression of Antibody Molecules 
5 Using Variable Regions Generated by PCR'. J. Immunol. Methods 152:89-104 
(1992)). These were kindly provided by S.L. Morrison (Dept. of Microbiology 
and Molecular Genetics. UCLA). The construction and expression of chimeric 
genes was performed as described by Co!oma et at. (Cotoma, M.J., et al. (1 992). 
supra). 

1 0 Oligonucleotides were synthesized and used in a PCR mixture to produce 

variable heavy (V J and variable light (VJ fragments with the correct ends for 
insertion into the pAG4622 and pAH4604 expression vectors. There sequences 
are shown in Table 1 3 below. 
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Table 13: Synthesized Oligonudeotides 



JOie (•«««• V« ■••dof) - GGG GATATC CACC ATG TAG TTG GGA CTG A AC TAT GTC TTC A 
(S«q 10 No: 6): 

JOl 7 (tsnt. V^ le»d.rl - GGG GATATC CACC ATC A AG TTC CCT GTT AGC CTG TTG GT 

20 J018 Un"*.^- JH31 - GGG GCTAOC TGC AGA OAC AGT GAC CAG AGT CC (Sm 10 No: 8): 
JO 1 9 (-nb-MM. J« 1 1 - GGG GTCO ACTTAC G TTT GAT TTC CAG CTT OCT GCC TCC A 

(S«q. 10 No: 9). 



The original pCRIOOO clones were utilized as the starting templates for 
25 the PCR. The new PCR products were cloned back into pCRIOOG and their 
sequence confirmed. Correctly modified and amplified fragments were excised 
with either EcoR V and Sal I (for VJ or with EcoR V and Nhe I (for Vh). These 
fragments were then ligated into the respective vectors, which had been cut 
open with the appropriate restriction enzymes. Both the vectors and the inserts 
30 were purified from an agarose gel prior to ligation, using the Biol 01 GeneClean 
kit (glass beads) (La Jolla. CA). 

Example 5 : Expression of Murine-Human 
Chimeric BrE-3 Antibody 
The V„ and V, regions in the final murine-human chimeric antibody were 
35 sequenced once again to verify that their sequences were correct. 

The non-producer myeloma cell line SP2/0-Ag14. (ATCC: CRL 1581, 
Shulman, M.. et al.. "A Bener CeU Una for Making Hybridomas Secreting 
Specific Antibodies". Nature 276:269-270, (1978)) was transfected. and a 
chimeric antibody were isolated as described by Coloma. M.J. et al. (1992), with 
40 the following modification. The selection was only undertaken for the uptake of 
hisD by adding 5mM histidinol to the medium and readjusting the pH to 7.4 with 
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NaOH. 

Exemole 6 : Production of Transfected Hosts 

After ten days, the stable transfectam colonies were clearly established 
at a frequency of approximately 10 *. The colonies were transferred to a normal 
5 medium (wrthoirt histidinoU and the supernatants from stable transfeaants were 
assayed for the presence of the murine-human chimeric BrE-3 antibody. This 
was done by capturing the secreted murine-human chimeric 6rE-3 antibody with 
a plate-bound goat anti-human-ic antibody and developing with goat anti-human-i^ 
antibody as described by Coloma et al. with the following modification. The 
10 secondary antibody utilized herein was radiolabeled with '^'1., 

Example 7: Confirmation of Murine-Human 

Chimeric BrE-3 Antibody Expression 

The supernatants were assayed for binding to human milk fat globule 

(HMFG) as described by Ceriani et al. (Ceriani R.L, et al.. Diagnostic Ability of 

1 5 Different Human Milk Fat Globule Antigens in Breast Cancer", Breast Cancer Res. 
Treat. 15:161-174 {1990H. HMFG was bound to the microtiter plates as 
described previously (Ceriani R.L.. 'Solid Phase Identification and Molecular 
Weight Determination of Cell Membrane Antigens with Monoclonal Antibodies*, 
in: Monoclonal antibodies and functional cell lines. Progress and application, 

20 Bechtol, K.B., McKern, T.J.. and Kennett, R., Eds., Plenum Press, New York, pp 
398-402(1984)). 

Most colony supernatants were positive by both assays. The colonies 
that secreted the highest level of chimeric antibody into the supernatants. as 
determined by these assays, were subcloned and subsequentiy adapted to 
25 serum-tree medium for the purrfication of antibody. 

Example 8: Determination of Affinity Constams 

The antibody-antigen affinity constants for the murine-human chimeric 
antibody anti-human milk mucin and the whole murine antibody were determined 
by obtaining the reciprocal value of the concentration of competing unlabeled 

30 monoclonal antibody giving 50% binding as described by Sheldon et al. (Sheldon, 
K..et al,. "Characterization of Binding of Four Monoclonal Antibodies to the 
Human Ovarian Adenocarcinoma Cell Line HEY", Biochem. Cell Biol., 65: 
423-428. {1987}). The protocol for the assay was as follows, 

Microtiter plates (Dynatech, Chantilly, VA) were .prepared using 

35 successive layers of methylated BSA. glutaraldehyde, anti-^-galactosidase and 
the bacterial fusion protein 11-2 ( a hybrid of ^-galactosidase and human 
mammary mucin) as described in Ceriani et al. (Ceriani. R.L.. et al.. "A Novel 
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Serum Assay for Breast Cancer Epithelial Antigen Using a Fusion Protein*. Anal. 
Biochem. 201:178-184 11992), Each well contained 388ng of the 11-2 fusion 
protein. To each well were added 25fA '"I -BrE-3 <ATCC No. HB 100281 in RIA 
buffer (10% bovine calf serum, 0.3% Triton X-100, 0.05% sodium aride pH7.4. 
5 in phosphate buffered saline), and competed with 25 of either unlabeled 
murine antibody or murine-human chimeric antibody in RIA buffer at final 
concentrations in the nanomolar range. 

lodinattons were performed with "*l (17 C/mg, Nordion Intemationat 
Inc.. Kanata, Ontario. Canada). 50 micrograms of monoclonal antibody BrE*3 

10 (Coulter, Hialeah, FL) were labeled at a specrfic acovhy of 9.56 mCi/mg using 
the chloramine T method as described by Ceriani, R.L. and Blank. E.W.. (Ceriani. 
R.L., and Blank. E.W.. "Experimental Therapy of Human Breast Tumors with 
1311-Labeled Monoclonal Antibodies Prepared Against the Human Milk Fat 
Globule*. Cancer Res. 48:4664-4672 (1988)). When the counts of bound 

15 radiolabeled ano-BrE-3 murine antibody were plotted an the Y axis and the 
logarithm of the nanomolar (nMI concentration of competing unlabeled anti-SrE-3 
murine antibody or murine-human chimeric antibody were plotted in the X axis, 
both curves overlapped within 5% error (Figure not shown). This proves that the 
variable region's affinity characteristics have been preserved. 

20 Example 9: AffinHy Binding Constanta for BrE-3 Murine 
and Murine-Human Chimeric Arrtibody 

The purified murine-human chimeric BrE-3 antibody and purified murine 

BrE-3 antibody gave similar competrtton curves when tested against ''^Mabeled 

murine BrE-3 binding to its antigen. The affintty binding constants of the murine 

25 antibody and the murine-human chimeric antibody were determined in 

independent competition assays as described in Example 8 above. The values 

of the constants are 2.68x1 0* M"' and 3.75x1 0' W for the hybrid chimeric BrE- 

3 polypeptides and for the murine BrE-3 antibody, respecth/ely. These values are 

not distinguishable at a 95% confidence interval. 



30 Example 10: Amplification of cONAs Encoding 
BfE-3 Antibody Variable Regions 

The cDNAs that encode the ami-BrE-3 murine immunoglobulin variable 

domains (Vh and V^) ware prepared by reverse transcription and PCR 

amplification (RT-PCR) from polyadenylated RNA isolated from 10* BrE-3 

35 hybridoma cells by the following procedure. The J02, J03. J04, J014 and 

VhIBACK primers were synttiesized. and their sequences shown in Example 3 

above. Other primers were purchased from Novagen. With the exception of 

VhIBACK. which is a framework-specific primer, all sense primers are specific 
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for the leader peptide region. Alt anti-sense primers are specific for the constant 
regions. The degenerate A chain of the specific primer Mulg/*Vi3'-1 (from 
Novagen). was used to isolate the k chain cDNA clones because of the simiiarity 
of the A and An identical k chain clone was isolated with primer J02 which 
is specific for the * chain constant domain. The region cDNA could not be 
isolated with the available leader peptide primers. Thus, the VhIBACK primer 
was used, which yielded the cDNA k72. The leader-pepiide primer JO 14 
was then designed by exirapolaiing from the framework sequence of k72. using 
cataloged nucleotide sequences (Kabat. E.A.. et al.. 'Sequences of Proteins of 
Immunological Interest*. U.S. Dept. Health and Human Services. NIH publication 
No. 91-3242, 5* Edition ( 1 991 ). After sequential PCR reactions, this new primer 
yielded the complete V„ framework cDNA. This information is summarized In 
Table 14 below. 



15 



20 



25 



Table 14 : Primer Combinations for PCR Amplrfication 
Clone No. bense Krimers Antisense Primers 



-T5T- 
164 

r72 
1012 

1043 



MulgjrVLb'-C 
MulgxVLS'-C 

VylBACtC 
JOMd" PCR) 
J014(2'- PCR) 
JO 14(1" PCR) 
iMulgVH5'-C + 
MulgVH5'-F) 
(2- PCR) 



-im 

Mul9/*VL3'-1 

{J03 or J04) 

J03 

J04 

J03 

MuIgKVH3'-2 



Example 11 : laolation of Amplified BrE-3 Vj_ 
and cONA and Sequences 

30 The PCR products were cloned without prior purification into pCRI 000 

(Invitrogen) and sequenced in both directions. Clones 152, 164. 1012. and 
1043 wore isolated independently during different RT-PCR runs. The sequences 
of Vl clones 1 52 and 1 64 were found to be identical, as were the sequences of 
the Vh clones 1012, 1043. The Vh and DNA sequences and their derived 

35 protein sequences are shown in Tables 1 5 and 16 below. 
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Table 15 : BrE-3 Nudeotide and Derived Protein :;eouences 

?.*itc^TJr" .aa c» rrt. ore cro ttc ttc tco .tt cct cct tcc .tc ot. cto .10 *cc *ct ctc tcc ctc 

CCT QTC *GT CTT 0** O-T C*> CCT TCC *TC TCT TCC AO* TCT «T C*0 CTT OT* *-C **T OO. «C T*T TT* T*T TCC TTC 

CTO C*0 **C TO WC C*0 TCT CC. CTC CTO *TT T*T *« OCT TCC *TC CO> TTT TCT OOO OTC CC* 0*C AOO TTC *0T OCC AOT CO* 
TO 0*0 *CA OT TTC «A CTC **0 *TC aOC AO CIO OO OCT OAO OT CTO 00 OTT TAT TTC TQC TTT CAA OOT AO OT OTT CCCJOO 

*ce rre cct cca cec *ec a*c ctc c*a *tc *a* c ism. « tm: loi 



Amino Acid Seouence 

, V » I 0 0 0 A S I $ c ■ < ^ ^ » t ^ >^ " <? ^ " ^ ^ ' 

0 s ^ « L I . Y » A a ■ ^ ' » O V ^ 0 « F s O 1 G 



I 0 K S C 
S I T 0 r T L t I 
TfoaoTCLflKi 



SRVtAt OLOVYFC > Q Q T M V ^ W 



Table 16: BrE-3 V„ Nucleotide and Derived Protein Sequences 



PtS'taC^TO^^" 0 !aC TAT CTC TTC ATa CTT TTT CTC TTA AAA COT CTC CAO ACT OAA OTO AAO CTT OAO OXO TCT CO CO OCC TTC 
CTO OA CCT OO OO TCC *T0 AAA CTC TCT TCT OCT CCT TCT OOA TTC ACT TTT ACT OAT OCC TCO ATO CAC TCC CTC COC OO TCT CCA 
CAOAAC 000 CTT OO TOaCTTOCTOAAATTAOAACAAAOCCAAT AAT OT OO AO TAT TAT OT OO TCT OTO AAA OCO ACC TTOCC 
*TC TO ACA OT OT TCC AAA ACT AO OTO TAC CTO CAA ATO ATA ACC TTA AO OCT OAA OC ACT OCC CTT TAT TAC TCT ACT 000 OO 

TTT CCT AAC TQC COC CAP OC O *CT CTO (TTC ACT CTC TCT SCA 0 (S«k t> N.: IJI 

Amino Acid Sftouence , - , ^ , 

m V I 0 I n y V 7 iVFLLKGVQSElVKLECSGGCt. 

VQPGGSMKLSCAASGFTFS 9 A W M D W V R Q S P 
E K G L E W V A FrftNKA NNHATYYPfSVKG R f T 
IS RDOSKSRVYLQMlSLRAEDTGLYYCTCf 
f H WGQGTLVTVSA (S«Q. lO No: 1 3) 



The sequences were interpreted as described by Kabat et al. {1 991 J. The 
residues that are shown in lower case correspond to PCR primers. The mature 
chains begin at 01 (V,J and El (VJ. respectiveiy. The amino-acids that are 
underlined are those corresponding to the CDRs. The underlined nucleotides 
indicate joining segments. 

The framework and CDR polypeptide segments were identified according to 
Kabat et al. (1991). supra. V, is a group lU chain. Part of'the CDR 3 and all of 
framework 4 (FR41 are encoded by J»,. V„ belongs to group lllc. CDR 3 and FR4 
are encoded by Jk,. Linie or nothing remains from an unidentified D minigene. 
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Thus, the CDR 3 is only 4 amino-acids long. 



. Example 12: Comparison of cONA deduced Amino Acid 
Sequence with Oirecdy Oeterntined 
N-Terminal Fragment Sequence 

5 Table 1 7 below shows a comparison between the cDNA-derived polypeptide 

sequence and the polypeptide sequence determined directly from purified murine 

8rE-3 monoclonal antibody. 



Table 17: Compariion of cDNA-Deduced Protein Sequence iwith 
DtrectiY Deteriwned N-terminal Protein Sequence 

VL cONA-deduced DVVMTQTPLSLPVSLGDQASISCRS 

VL Protein sequence GVVMTQTPLSLPVVLGDQASIIXRX 

VH cONA-deduced EVKLEESGGGLVQPGGSMKLSCAAS 
VH Protein sequence EVKLEESGGVLVQPGGSMKLSSAAS 



The murine BrE-3 antibody was reduced with 5% mercaptoethanol, 
separated on a 1 0% SDS polyacrylamide gel. and electrobloited onto a ProBlon 
membrane (Applied Biosystems. Foster City. CA). Amino acid sequencing was 

20 performed directly on the immobilized bands by the Biotechnology 
Instrumentation Facility. Unrversity of California, Riverside. The protein 
sequence given here is the sequencer's best guess. 

Once the variable region cDNAs were cloned, it was confirmed that, in fact, 
they encoded the variable regions of the murine BrE-3 antibody and not those of 

25 another antibody by comparing the cDNA-derived amino acid sequences of the 
cloned murine BrE-3 antibody variable region with the N-terminat sequence of the 
purified anti-BrE-3 murine antibody directly determined by a single run of protein 
sequencing. The cDNA sequences were shown to be accurate by comparison 
with two independently reverse transcribed clones. 

30 The general agreement between the predicted and the determined 

amino-acid sequences shows that the cloned cDNAs encode polypeptides of the 
same dass and subclass as the variable regions of the murine BrE-3 antibody. 
This indicates that the cDNAs encode authentic variable regions. The 
authenticfiy of the variable region polypetide and, therefore, that of the murine- 

35 human chimeric BrE-3 antibody is unquestionable given that the. variable regions 
and the chimeric antibody affinity constant are indistinguishable from those of 
the murine BrE-3 antibody. 
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Exi -nple 13 : Jonstruction of Murine-Human 
Ohimsric Antibody Ganes 

The vector!- used were developed by Coloma et al. (Coloma. M.J.. et al. 

(1992). supra) and kindly provided by S.L. Morrison (Dept. of Microbiology and 

5 Molecular Genexics. UCLA). Both vectors were derived from pSV2 (Mulligan. 

R.C., and Berg, P., 'Expression of a Bacteria! Gene in Mammaiian Cells'. Science 

209:1422-1427 (19801), and contain genomic fragments encoding either the 

heavy or the light chain constant domains. The vectors accept cDNAs that 

encode the regions. To ligate the cDNAs to the vectors, restriction ends 

10 were added to the cDNAs in a set of PCR reactions, using the J016, J017. 

JO 18 and JO 19 primers. 

The pAG4622 light chain vector contains the gene for the human k chain 

constant region, including the J-C iniron. It encodes xanthine-guanine 

phosphoribosyliransferase or gpt (Mulligan, R.C., and Berg, P.. "Selection for 

1 5 Animal Cells that Express the Escherichia Coli Gene Coding for Xanthine-Guanine 

Phosphoribosyliransferase", PNAS (USA) 78:2072-2076 (19811) as a dominant 

--^ seteaable marker. It accepts the murine VL cDNA between the ribosome 

binding site (Kozak. M.. 'Compilation and Analysis of Sequences Upstream from 

the Transiational Staa Site in Eukaryotic mRNAs". Nucleic Acids Res. 

20 1 2:857-872 (1 984)), which is preceded by the VH promoter from the anti-dansyl 

murine monoclonal antibody 27.44 (Coloma. M.J.. (1992), supra), and the J-C 

intron. The J-C intron contains the k chain enhancer (Poner, H.. et al„ 

* Enhancer-Dependent Expression of Human * Immunoglobulin Genes Introduced 

into Murine Prep-B Lymphocytes by Eiectroporation". PNAS (USA) 

25 81:7161-7165 (1984); Emorine. L, et al., "A Conserved Sequence in the 

Immunoglobulin J Kappa-C Kappa Intron: Possible Enhancer Element", Nature 

304: 447-449 (1983)). 

The pAH4604 heavy chain vector contains the gene for the heavy chain y\ 

constant region, but no J-C intron. It encodes histidinol-dehydrogenase or hisD 

30 (Hanman, S.C and Mulligan, R.C, Two Dominant-Acting Selectable Markers for 

Gene Transfer Studies in Mammalian Cells'. PNAS (USA) 85:8047-8051 (1988)) 

as a dominant selectable marker. It accepts the murine Vh cDNA between the 

~ dansyl promoter-ribosome binding site and the constant k1 gene. The vector 

also contains an insea that encodes the heavy chain enhancer (Rabbins, T.H., 

35 et al, 'Transcription Enhancer Identified Near the Human C mu Immunoglobulin 

Heavy Chain Gene is Unavailable to the Translocated c-myc Gene in a Burkin 

Lymphoma". Nature 306:806-809 (1983)). . . 

The new Vh and DNA fragments with appropriate restriction ends were 

integrated into pAH4604 and pAG4622 as described in Example 4 above. The 
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vecTors were then electroporated (t jetherj into SP2/0-Agl4 mvcfoma cells as 
described by Coloma et a(. (1992). 'jupra. 

Example 14: Cbaroaerization of Murine-Human 
Chimeric BrE-3 Antibody 
5 The supernatants from stable transfectants were assayed for the presence 

of the murine-human chimeric antibody as described in Examples 6 and 7 above. 
High producing uansf ectanis were subcloned and subsequently adapted to grow 
in serum-free medium. The murine-human chimeric antibody produced by the 
myeloma cell line was then purified from the culture supernatant using a 

10 Sepharose 4B-protein A column (Bio-Rad. Richmond. CA) as described in Ey, 
P.L., et al. (Ey, P.I., ei al.,. -Isolation of Pure IgGI. lgG2a and lgG2b 
immunoglobulins from Murine Serum Using Protein A-Sepharose\ 
Immunochemistry 1 5:429^36 (1 978)). Antibody disulfide bonds were reduced 
to separate the light and heavy chains by heating for 10 min at 65' in Uemmli 

1 5 loading buffer containing 5% beta-mercaptoethanol. The separated chains were 
then chromatographed on a SDS polyacrylamide gel (10%). The reduced murine- 
human chimeric Br£-3 antibody and murine antibodies were eletrophoresed in 
separate lanes next to 97.4. 66.2. 45.0, 31.0 and 2,5 Kdatton protein markers. 
Table 18 below shows the apparent molecular weights of the two bands 

20 obtained for both. 



Table 18: Apparent Molecular Weights of Light and Heavy 
Chains of Murine end Chimeric BrE-3 Antibodies 



Chimeric Antibody 



Murine Antibody 

Heavy Lhain Light Chain 



25 



30 



35 



Heavy chain 
(Kd) 

50 



Light (Jhain 
(Kd) 

30 



(Kd) 



49 



(Kd) 



29 



The heavy and light chains of the anti-BrE-3 chimeric antibody separate 
as expected when electrophoresed on a polyacrylamide gel. 

Example 15 : Tissue Binding Studies with Chimeric BrE-3 Antibody 

Immunohistochemicat staining using the immunoperoxidase technique 
of consecutive human breast carcinoma tissue sections was conducted with the 
murine-human chimeric BrE-3 antibody. A control was stained with the 
anti-human secondary antibody only. Positive staining resulted from the use of 
the murine-human chimeric BrE-3 antibody, followed by the anti-human antibody 
specific binding. (Pictures not shown). 

The breast carcinoma tissue sections were stained with the supernatant 
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oi the transfecTed cells using, ihe Vectasiain ABC method (Vector Ubs. 
Burlingame, CA). The tissue stained with the goat anti-human Ig secondarv 
antibody only shows background or non-specific staining of necrotic areas of the 
tissue section. 

5 The tissue stained with murine-human chimeric BrE*3 antibody, followed 

by the secondary antibody, shows specific staining of the breast carcinoma cells 
In the breast tissue sections. 

EMmote 16 : Chimeric BrE-3 Antibody imaging Studies 

The anii-BrE-3 murine monoclonal antibody has been shown to be highly 

10 effective for imaging and for the radtoimmunotherapy of breast cancers. For 
example, in a pharmacokinetic study of 1 5 breast cancer patients conducted 
with an '"ln-MXDTPA-BrE-3 radio-ionmunoconjugate (anti-BrE-3 antibody}, the 
serum levels were low in most patients, the blood clearance correlated with the 
circulating antigen and the imaging results showed that about 86% of all sites 

1 5 could be imaged (Liebes. L.. et al., "Pharmacokinetics of "Mn-Br£-3 Monoclonal 
Antibody in Patients with Breast' Carcinoma". Proc. Am. Assoc. Cancer Res. 
33:21 6{Abs No. 1292) (1992)). A •**Y-BrE-3 radioimmunoconjugate having 
similar pharmacokinetic characteristics and extrapolating the '"ln-BrE-3 
dosimetry results provide a superior therapeutic agent, as well. 

20 As with many other monoclonal antibodies, however, the clinical 

applications of the anti-BrE-3 murine antibody, a whole murine antibody, are 
limited by the HAMA response. A chimeric monoclonal antibody should give a 
more restricted HAMA response. 

Example 17: Chimeric BrE-3 Antibody Imntunogenicrtv 

25 The BrE-3 variable region murine poiypeptides have been cloned without 

the constant regions to produce less immunogenic polypeptides than the parent 
murine antibody. It has, moreover, been shown herein that the murine-human 
chimeric BrE-3 antibody lacking its original murine constant region preserves its 
antigen binding characteristics. 

30 An BrE-3 antibody variable region alone or as a murine-human chimeric 

antibody also containing a constant human region or fragment thereof would be 
significantly less immunogenic to humans than the parent murine antibody. The 
hybrid polypeptide comprising the variable region of the BrE-3 antibody and the 
constant region of a human antibody was shown to preserve the original binding 

35 affinity of the murine antibody. In this hybrid polypeptide, approximately 2/3 of 
its contiguous non-human immunogenic targets (C, and Ch regions) were entirely 
replaced by human constant domains. 
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Example 18: PGR Primers used in First Isolation of Anti-KC-a cDNAs 

The PCR primers were purchased from Novagen (Madison. WO. Their 
sequences, reproduced from the booklet provided by Novagen. are shown in 
Table 19 below. 



Table 19 : PCR Primer Sequences 



25 



MulgjcV.5'-C: sense primer mix for kappa leader. 

ACTAGTCGACATGAAGTTGCCTGTTAGGCTGTTGGTGCTG (Seq. ID No: 14J 
10 ACTAGTCGACATGGAGWCAGACACACTCCTGYTATGGGTtSeq. ID No: 15) 
ACTAGTCGACATGGATTTWCAGGTGCAGATTWTCAGCTTC (Seq. ID No: 16) 

MulgifVi3'-1 : antisense kappa constant region. 
CCCAAGCTTACTGGATGGTGGGAAGATGGA (Seq. ID No: 17) 

1 5 MulgV„5'-F; sense primer mix for heavy chain leade r. 

ACTAGTCGACATGRACTTTGGGYTCA GCTT GRTTT (Seq. ID No: 181 
ACTAGTCGACATGAGAGTGCTGATTC TTTTGTG (Seq. ID No: 19) 
ACTAGTCGACATGGATTTTGGGCTGAI I I II II lATTG (Seq. ID No: 20) 

MulgKVH3'-2: antisense gamma constant region. 
20 CCCAAGCTTCCAGGGRCCARKGGATARACIGRTGG (Seq. ID No: 21) 



Example 19 : Cloning of Murine-Human Chimeric 
■ntj-KC-4 Antibody Ribonuciaotide 
The two expression vectors pAG4622 and pAH4604 described in 

Example 4 were utilized. Oligonucleotides synthesized and used in a PGR to 

produce Vh and fragments with the correa ends for insertion into the 

pAG4622 and pAH4604 expression vectors are shown in Table 20 below. 



Table 20: PCR Primers Sequences 



30 J020 - sense kappa leader 

GQG GATATC CACC ATG AAG TTG OCT GTT AGO CTG TTG (Seq. ID No: 22) 

J021 • antisense JK2 

CCC GTCCACTTAC G TTT TAT TTC CAC CTT CGT CCC CCC T (Seq. ID No: 23) 

J022 - sense Vh leader ,r^ ... oax 

35 GGG GATATC CACC ATG GAG TTT GGG CTC AGO TTG GTT TT (Seq.lD NO: 24) 

J024 • antisense JH3 

CCC GCTAGC TGC ACA CAC AGA GAC CAG ACT CC (Seq. ID No: 25) 



The original pCRIOOO clones were the starting templates tor the PCR and the 
40 rest of the procedures as described in Example 4 above. 



57 



wo 94/11509 



PCT/US93/11445 



EKwrnple 20: Exoression o* the onti.KC-4 Chimeric Antibody Gene 
1 5 The Vh and regions in the anTi-KC-4 murine-human chimeric antibody 

were sequenced once again to venfy that their sequences were correct. The 
iransfection of the non-producer myeloma cell line SP2/0-Ag14, (ATCC: CRL 
15811 and isolation of polypeptide was conducted as described in Example 5 
above. 



20 Example 21: Production of Transfected Hosts 

After ten days, stable transfectant colonies were clearly established at 
a frequency of approximately 1/10,000, The colonies were transferred to 
normal medium and the assays conducted as described in Example 6 above. 

Examole 22 : Corrfirmation of Bnti-KC-4 Murine- 

25 Human Chimeric Antibody Expression 

The supernatants were assayed for binding to human milk fat globule 

(HMFG) and the breast epithelial mucin (BEM) as described previously in Example 

7 above. HMFG and BEM wefe bound to the microtiter plates as described 

previously by Ceriani, R.L. (1 9901, supra. In this radioassay the bound anti-KC-4 

30 chimeric amibody (HMFG and BEM) was detected by anti-human gamma chain 

conjugated to '^* l. Most colony supernatants were positive by both assays. 

The colonies that secreted the highest level of chimeric antibody in the 

supernatants. as determined by these assays, were subcloned. 



Example 23: Western Blot 

35 75 of the culture supernatant was added to 20 1/\ of 4x Laemmli buffer 

and 5 ^-mercaotoethanol and the mixture was heated at 65 for 15 min., 
in order to reduce antibody disulfide bonds and. thus, separate heavy from light 
chains. 20 iji of the treated sample was chromatographed in duplicate lanes on 
a 10% SDS pofyacrylamide gel together with other antibodies that were treated 

40 similariy and that were loaded for comparison. Pre-stained size rnariters 
(BioRad, Richmond, CA) were also loaded. 
5 The chromatographed proteins were electrobloned onto a ProBlott 

membrane (Applied Biosystems. Foster City, CA) in 90% 30 mM CAPS pHII, 
10% methanol, for 1 hour at 25 V and at 4*C. The membrane was cut into 2 
pans containing identical antibody samples. The 2 membranes were immersed 
in 20% bovine caff serum in PBS and shaken slowly at room temperature for 
10 Ihour 35 min. '"t-labeled goat anti-human k chain antibody was added to one 
membrane and '"I labeled goat anti-human r chain antibody to the other 
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membrane. Antibodies we. labeled at a specific activiiy of approximately 10 
mCi/mg using the chloramin- T method as described by Cerianl, R.L. and Blank. 
E.W. (1988), the labeled antibodies were diluted to 4.000 cpm/fA in RIA buffer. 

After incubating 3 hours at room temperature the blots were washed 
5 twice in TBS for 10 min each time, once in TBST (50 mM THIS pH7.5. 3 mM 
EDTA 25 mM NaCD 10 min and once more in TBS fTBS with 0.05% Twecn 201 
for 10 min. The membranes were dried and exposed to Kodak XAR film. 

Western blot analysis of culture supematants revealed that three 
antibody chains were expressed that corresponded to the three antibody chains 
10 seen in the original anti-KC-4 murine antibody. These wore a heavy chain that 
stained with goat anti-human y chain "*-|-labeled antibody, and two light chains 
thai stained with goat anti-human k chain '^''l-labeled antibody (Figure not 
shown). 

The treatment of the original anti-KC-4 murine antibody with 

15 N-giycosidase F (Boehringer Mannheim GmbH Germany) following the 
recommendaiions of the manufacturer, produced a noticeable decrease in the 
intensity of the "top" light chain and a concomitant increase in the intensity of 
the bonom light chain (Figure not shown). 

The explanation for rhe existence of an extra tight chain is that this chain 

20 is glycosylated. Three lines of evidence substantiate this. First, the detection 
of an asparagine-linked glycosylation site in the amino acid sequence of the light 
chain. That is the triad NIS (Asn-Ile*Ser) in framework 3. Second, the decrease 
of the intensity in the putative glycosylated band after treatment wKh 
N-glycosidase F, while concomitantly the intensity of the non-glycosylated band 

25 was increased. Rnally. 2 corresponding light chain bands are seen in the 
chimeric antibody version. The extra light chain in the chimeric version cannot 
be a contaminant since it was specifically stained by goat anti-human k chain 
antibody. It can only be a product expressed by pAG4622. . Thus both light 
chains must have the same amino acid sequence and the same human 

30 constant region. These observations show that approximately half of the light 
chains of both the anti-KC-4 murine and chimeric antibodies are glycosylated at 
the asparagine-linked glycosyiation site. 

gyflmole 24: AmpUficetion of cDNAi Encoding 
emi-KC-4 Antibody F, Regions 

35 The cDNAs that encode the anti-KC-4 murine immunoglobulin V„ and 

were prepared as described in Example 9 above from polyadenyiated RNA 

isolated from 100 million KC-4 hybridoma celts. All clones were obtained from 

independent PCRs. The sequences of the primers are given in Example 19 and 
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20 above. All primers are specific for either the leader pepi : e region or for t le 
constant regions. The primer comdinations utilized herein are shown .n Table 21 
below. 



Table 21 : Primei Combination for PCR Amplifications 
— Clone No. Primer combinations 



15 



96 
107 



MulQ/cV^5'-C + MulgicV^X-l 
MulgitV S'-C + MulgW.a'.l 
I^Y J020 + J021 

fifi MuIqVh5*-F + MulgKVH3;-2 



10 J022 + J024 

H7 J022 + J024 



Examole 25: Isolation of Amplified anti-KC-4 (VJ 

^-^^ and Fv», (VhUDNA and Sequences ^rninm 

The PCR products were cloned, without prior purification, into pCHIOOO 
(invitrogenl and sequenced in both directions. The i»nd V, ONA sequences and 
their derived protein sequences are shown in Tables 22 and 23 below. 



Table 22 : Nucleotide Sequences 
20 enti-KC^ V, (klUk2] 



ATC 



jUu:TTCCCT<nTAOCCrOTre«CCTCAJT3TTCTOCArrCCT 

ccTTCcAccj«rr«r«nTTroATOACccAAAcrc(:TeTCTCCCTC 

CCrOTCJUJTCTTOCA(ycrCJU.CCCTCCATCTCTTUCAa*TCTWT 
25 C« ACC ATT CTA CAT AOT AAT OOA AXC ACC TAT TTA aw TOO TAC 
CrnCAaAAACCAOOCCACTCrCCAAAOCTCCTCAXCTACAAAiTTT 
TWAJCWVTrTTCTCaCrCCCACACAOaTrCACTOCCAflTOC* 
T^OMACACATTreACACTCAATArCAOCAOAOrOaACCCTCAC 
OAT CTC COA ATT TAT TAC TOC TTT CAA «7r TCA CAT m ceo TAC 
30 ACCTTCOGA«OC«ACCAAOCre«AATAAAAC IS.Q. ID No: 26) 



Tobto23: V„ Nucleotide Seoucnces 
anti-KC^ Vh (iHD-DS-JH 



35 AToaACTiTcaocTCACCTrearTTTCCTTCTccrrxrrrcxAAA 

WT(7TCCACTCTaAACIflCACATO<7TCCACTeiW:OQ*C«*« 
CCTCG*C«T«CWAAACtCTCCTtnCCAOCCT«00ATrCGCr 
rrCACTAeCTAT«:CATCTCTT«CrraXCAO<IAfiAAflA«CTt: 
CAOTOCCTCCCACAAATTAflTACTCCTOCrAATTACCCCXACTAT 
40 CAACACACTCWAmCCCCnATrCACCAaACACAATCniAAflAAC 
ACCCTCTACCreOAAAat^ACCACTCTCAfiCTCTOACCACACOCa: 
ATO TAT TAC TO- CCA ACC CAfl OCT ATC CW OCC T« TTI CCT TAC 

TOCCGCCAACccACTCTOCTCTCTCTCTcrccAC (Seo- 10 No: 271 
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Example 26 : Amino Acid Sequences of anti-KC-4 

Chimeric Antibody Fv Regions 
5 Afrer the ann-KC-4 F, region cDNAS were cloned, and seauenced. and 

their cDNA-derived amino acid sequence was compared with the N-terminus 
sequence dlrecrlv determined by a single run of amino acid sequencing on 
purified anti-KC-4 antibody. The cDNA sequences were shown to be accurate 
since in both cases they were identical for clones That were prepared from 
10 independent reverse transcription reaciions. This confirms that the cloned 
c0^4As are authentic anti-KC-4 F, regions. The sequences are shown in Tables 
24 and 25 below. 



15 



Table 24: Vi Amino Add Sequences 
anti-KC^Vi(kIUk2| 



MtCLPVRLLVL MFWlPASSS (Seq. ID No; 281 

FR1 DVLMTQTPLSLPVSLGDQASISC tSeq. ID No: 291 

CDR1 RSSQSIVHSNGNTTYLE iSeq. iD No: 30) 

FR2 WYLQKPGQSPKUUY tSeq. ID No: 31) 

20 CDR2 KVSIRFS (Seq. ID No: 32) 

FR3 GVPDRFSGSGSGTDFaNISRVEAEDLGIYYC (Seq. ID No: 33) 

CDR3 FQGSHVPYT (Seq. ID No:34) 

FR4 FGGGTKLEIK (Seq. ID No. 35) 



T.ble 25: V, Amino Add Sequences ami-KC-4VH (inD-D9>JH31 



25 MDFGLSLVa VLILKGVQC (Seq. ID No: 36) 

FR1 EVQMVESGGGLVKPGGSLKLSCAASGFAFS (Seq. ID No:37) 

CDRl SYAMS (Seq. ID No: 38) 

FR2 WVRQSPEKRLEWVA (Seq. ID No; 39) 

CDR2 EISSGGNYAYYQDTVTG (Seq. ID No: 40) 

30 FR3 RFTISRDNAKMTLYLEMSSLRSEDTAMYYCAR (Seq. ID No: 41 ) 

CDR3 EGIPAWFAY (Seq. ID No: 42) 

FR4 WGQGTLVSVSA (Seq. ID No: 43) 



35 



The sequences were interpreted as described by Kabat et al. (19911. supra- 
The residues that are underlined correspond to PGR primers. The mature and 
Vh chains begin at amino-acids D and E of framework 1 (FRl). respectively. 

Framework and CDR protein segments were identified according to Kabat 
ei al. (19911. supra. V, is a group I) chain. Pan of the CDR 3 and all of the 
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framework 4 IFR41 are encoded by Jk2. V„ belongs to group Hid. COR 3 and 
FR4 resuUed from a genomic recombination involving minigenes D9 and JH3. 
There is an asparagine glycosylation site in The light chain in FR3. The site reads 
NIS lAsn lie SeD. 

Examole 27: Comparison of cDNA-deduced Amino 

Acid Sequence with Directiy Determined 
N-Terminal Fragment Sequence 
A comparison between the cDNA-derived polypeptide sequence and the 
amino acid sequence determined directly on the purified anti-KC-4 monoclonal 
antibody was undenaken. The results are shown in Table 26 below. 



Table 26: Comparison of cDNA-deduced with Directiy 

Determined N-Terminal Amino Add Sequences 



V^,, cDNA-deduced 
Vh , Protein sequence 



V^. cDNA-deduced 
, Protein sequence 



, cDNA-deduced 
V,^ , Protein sequence 



RRST BAND TOP 
EVQMVESGGGLVKPGGSLKLS tSeo. ID No: 44) 
EVQMVESGGGLVKPGGXLKLS (Seq. ID No: 45) 

SECOND BAND 
DVLMTQTPLSLPVSLGDQASI (Seq. ID No: 46) 
DVLMTDTPLSLPVXXGDGASI (Seq. ID No: 471 

THIRD BAND 
DVLMTQTPLSLPVSLGDQASI (Seq. ID No: 481 
DVLMTQTPLSLPVSLGDQASI (Seq. ID No: 49) 



X unc«n*n or •H»m«ov« calls. 



A sample of anti-KC-4 chimeric antibody (approximately 1 90 fjg) was 
reduced with 5% beta-mercaptoethanol {65oC for 1 5 min.l. separated on three 
lanes of a 10% SDS polyacrylamide gal, and electroblotted onto a ProBlott 
membrane (Applied Biosystems. Foster City. CAl in 90% 30 mM CAPS pHU. 
5 10% methanol, for 1 hour at 25 V and at 4oC. The transferred protein species 
were stained with Commassie Brilliant Blue. 3 bands were seen in each lane, of 
which 2 migrated as expeaed for a heavy and light chain. The third band 
migrated above the light chain. Amino acid sequencing was performed directly 
on the immobilized bands by the Biotechnology Instrumentation Facilrty, 
10 University of California. Riverside. The amino acid sequence given here is the 
sequencer's best guess. 
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F»amole 28: Construction o* anti-KC-4 Murine- 

Humen CNmeiic Antibody Genes 

The vector used were described in Example 1 above. Restriction ends 
were added to the cDNAs in a set of PCR reactions, using primers J020. 21, 
5 22. and 24. 

The PAG4622 light chain vector and the pAH4604 heavy chain vector 
were described in Example 1 2 above. 

The new Vh and DNA fragments with appropriate restriaion ends 
were integrated into pAH4604 and pAG4622 as described in Example 1 2 above. 
1 0 The vectors were then electroporated (together) also as described in Example 1 2 
above. 

g ;^ffmo^e 29 : Tuaue Binding Studies 

The supematants from stable iransfeaants were assayed for the 

15 presence of the anti-KC-4 murine-human chimeric antibody as described in 
Example 13 above. The chimeric antibody secreted in the supernatant bound 
both HMFG and BEM very strongly. In addition, the supernatants containing 
anti-KC-4 murine-human chimeric antibody were used to stain human breast 
carcinoma tissue sections by using the immunoperoxidase immunohistochemical 

20 staining technique. The intensity of the staining was comparable to that 
obtained with the original murine monoclonal antibody. The anii-KC-4 
monoclonal antibody is known to bind the human milk fat globule and the breast 
epithelial mucin. This binding specificity of the anti-KC^ murine monoclonal 
antibody was maintained even after the recombinant procedure. The anti-KC-4 

25 chimeric antibody bound very suongly to HMFG and BEM as determined by a 
radioa«ay (Ceriani. et al.. Breast Cancer Res. Trent. 15:161 (19901). tn 
addition, the anti-KC-4 chimeric antibody bound several human breast tumors in 
histopathologicat sections in a manner comparable to the anti-KC.4 murine 
monoclonal antibody, as detected by immunostaining described in Example 1 5 

30 above. This specificity of binding demonstrated the retained binding reactivity 
of the variable regions of anti-KC-4 murine antibody by the polypeptide of the 
invention when attached to the human F, fragment. 

^xamnle 30 : Materiais and Asaayi for Ephope Mapping 

The specific details of the preparation of materials, eel! lines, and 
35 techniques employed were disclosed by Peterson et al. (Peterson. J.A., et al.. 
-Molecular Analysis of Epitope Heterogeneity of the Breast Mucin-, Breast 
Epithelial Antigens. Ed. Ceriani. R.L,. Plenum Press. NY (1991)). the relevant text 
of which is incorporated herein by reference. 
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Cverlapoing peptide hexamers w e r^vnrhesiied onto the ends of 
polyethylene pins us.ng an Epitope 5 nn.ng Kit (Cambridge Research 
Biochemicals. Cambridge, UK), which is bas id on a method originally described 
by Geysen et at. IGeysen. H.L.. et al., "Use of Peptide Synthesis to Probe Vital 
5 Antigens for Epitopes to a Resolution of s Single Amino Acid'. PNAS {USAI 
81:3998-4002 (1984)1. The polyethylene pins were arranged in a 8x12 
configuration that fits into a 96 well microtiter dish. The pins are supplied with 
an alanine anached to the ends to which the amino acids are added 
consecutively using pentafiuorophenyl active esters of fluorophenyl- 

10 methyloxycarbonyt (Fmocy-L-amino acids. Each consecutive overlapping 
hexamer differs from the previous one by a single amino acid and enough were 
synthesized to span the entire sequence of the peptide to be tested so that every 
combination of hexamer was present. Each monodonal antibody was tested for 
binding to the synthetic peptides using an ELISA method with horseradish 

15 peroxidase-conjugated goat anii-murine IgG {Promega. Madison. Wll and color 
development with 2.2-a2ino-bis O-ethylbenzothiazoline- 6-5ulfonic acid {Sigma. 
St. Louis, MO). 

20 The hexapeptides starting with A. P. D, and T bind well to the antibodies 

(Hexamers 1 to 3 and 20). whereas the hexamers starring between these 
positions did not. The hexamers that were prepared are shown in Table 27 
■ below. The linear amino acid sequence essential for iu binding to the antigen 
may be deduced from the hexamer that each monoclonal antibody binds. For 

25 example, the anti-BrE-3 antibody required the sequence TRP within the hexamer. 

Other monoclonal antibodies required other amino acid sequences (e.g.. anti- 
Mc5. TRPAP: anti-Mcl . DTR; anti-BrE-1 . DTRP). BrE-2 also required TRP but as 
different specificrty for normal and tumor tissue indicates that its epitope on the 
native antigen is different from BrE-3. 
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Table 27 : Epitope Mepping of Repeat Peptide Breast Mucin 



H„.m., GVTSA PDTRPAPG5TAPPAHGVTS APOTRP 

, P DTR P A 

2 0 T R P A P 

3 T R P A P C 
R P A P G S 

P A P G S T 



IB 
19 
20 



APGSTA 
POST AP 
GSTAPP 
ST A P P A 
T APP AH 
A P P A H G 
P P A H G V 
P A H G V T 
AMGVTS 



]* HGVTSA 

16 
17 



CVTS AP 
VTS A PD 
TS APOT 
S APDTR 
APOTRP 



Example 31 : Epitope Mapping 
5 Rve different monoclonal antibodies (Mcl. Mc5. BrEl. BrE2 and BrE31 

were prepared using HMFG for immunization. All identified epitopes on the highly 
glycosYlated large molecular weight breast mucin. By immunohistochemistry 
they appeared to recognize different epitopes since each had different tissue and 
tumor specificities (Peterson. J.A.. et al.. •Biochemical and Histological 
10 Characterization of Antigens Preferentially Expressed on the Surface and 
Cytoplasm of Breast Carcinomas Cells Identif.cd by Monoclonal Antibodies 
Against the Human Milk Fat Globule-, Hybridoma 9:221-235 (199011. Each 
monoclonal, antibody bound to a different spectrum of normal tissues and their 
specrftcrties for different carcinomas were different. Anti.BrE2 and anti-BrES. 
however, were quite similar. In addition, by screening breast >*gtll cDNA 
expression libraries with some of these monoclonal antibodies, cDNA clones 
were isolated that produced fusion proteins that bound all of them, while other 
CDNA clones bound just some (Larroca. D., et al.. 'High Uvel Expression in E. 
Coli of an Attemate Reading Frame of pS2 mRNA that Encodes a Mimotope of 
Human Breast Epithelial Mucin Tandem Repeat" Hybridoma n(2):191-201 
(1 9921). This binding to the fusion proteins indicated that the epitopes for these 
five monoclonal antibodies included the polypeptide portion of this glycoprotein. 
To confirm this the binding of these monoclonal antibodies to two synthetic 
polypeptide 20.mers (PDTRPAPGSTAPPAHGVTSA and 
APPAHGVTSAPDTRPAPGSTl thai spanned the tandem repeat consensus 
sequence was tested (Gendler, S.J.. at al.. "Cloning of Partial cDNA Encoding 



15 



20 



25 
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Differentiation and Tumor-Associaied Mucin Glycoproteins ExpresseO o t Human 
Mammary Epithelium-, PNAS (USA) 84:6060-6064 (1987); Siddiaui. et a!.. 
■Isolation and Sequencing of a cDNA Coding *or the Human DF3 Breast 
Carcinoma-Associated Antigen". PNAS (USA) 85:2320-2323 (1988)). 
5 One was staned at the beginning of the published 20 amino acid repeat 

(Gendler. S.J.. et al. (1 987). supral unit, and the other was staned in the middle. 
All five monoclonal antibodies bound to both synthetic peptides, as did DF3. a 
monoclonal antibody against breast carcinoma cells produced by others (Hull. 
S,R.. et al., •Oligosaccharide Differences in the DF3 Siaiomucin Antigen from 

10 Normal Human Milk and the BT-20 Human Breast Carcinoma Cell Line", Cancer 
Comm. 1:261-267 (1989)). Three other monoclonal antibodies against other 
components of the HMFG that do not cross-react with the breast mucin. Mcl3. 
against a 70 KDa glycoprotein, and Mc3 and McS, against a 46 KOa 
glycoprotein do not bind to these synthetic peptides (data not shown) (Ceriani. 

15 R.L. , et al.. "Characterization of Cell Surface Antigens of Human Mammary 
Epithelial Cells with Monoclonal Antibodies Prepared Against Human Milk Fat 
Globule*. Somat. Cell Genet. 3:415-427 (1982); Peterson. J.A., et al.. 
•Biochemical and Histological Characterization of Antigens Preferentially 
Expressed on the Surface and Cytoplasm of Breast Carcinoma Cells Identified by 

20 Monoclonal Antibodies Against the Human Milk Fat Globule", Hybridoma 9:221 - 

235 (1990)). 

Example 32 : Approach for Humanization of Antibodies 

The present humanization approach is based on Padlan. E.A.. 'Choosing 

the Best Framework to Use in the Humanization of an Antibody by CDR-Grafting: 
25 Suggestions from 3-D Structural Data". Antibody Engineering 2nd. Annual Conf. 

San Diego. CA (Dec 16-17, 1991). 

The fine specificity may be preserved in a 'humanized' antibody only if 

the CDR structures, their interaaion with each other, and their interaction with 

the rest of the variable domains can be maintained. (Padlan, E.A.d 991 ). supra), 
30 This requires the preservation of residues of the FR amino acids which contact 

the CDRs, those which are involved in the V,-Vh contact, and those which arc 

buried and could influence the overall domain structure and the structure of the 

combining site. 

By examination of murine Fab structures, for which atomic coordinates 
35 are available, the FR amino acids that are probably -imponant" in maintaining the 
structure of the combining site may be determined (Padlan. E.A.. 8th 
International Congress of Immunol.. Budapest. Hungary, Abstracts p. 1 9 (August 
2-28, 1992)). 
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The specificity of an aniibodv depends on the CDR structures and 
sometimes, on some of its neighboring residues as well. These CDR structures, 
in turn, depend on contacts with framework amino acids and on the interaction 
of the V, and V. domains. Thus, to ensure the retention of binding affinity, not 
only the COR residues must be preserved, but also those FR residues that 
contact either the CDRs or their opposite domains, as well as all buried residues, 
which give shape to the variable domains. The buried amino acids are placed in 
exactly the same positions in human and in murine frameworks (Padlan. E.A.. "A 
Possible Procedure for Reducing the Immunogenicity of Antibody Variable 
Domains While Preserving Their Ugand-Binding Properties-. Molecular 
Immunology 28:489-498 11991)). 

This approach was applied to design humanized analogues of the variable 
regions of the murine antibodies of the invention. The humanizaiion or design 
of the exemplary analogue peptide provided herein was undertaken as follows. 
15 The identification of the residues, which are most probably -important' in 
preserving the combining site structure, permits the selection of the best human 
FR sequences to use in the "humanization' of each chimeric antibody of known 
structure or analogues peptides of the invention. The results of the analysis can 
be used also to predict which FR amino acids should probably be retained in 
20 those cases where no three-dimensional structural data are available. 

The present procedure was designed to reduce the immunogenicity of the 
xenogeneic antibodies by preparation of their chimeric derivatives or fragments 
thereof while preserving their antigen-binding properties. In general, the antigen 
binding propenies of an antibody are primarily determined by its CDRs. The 
25 CDRs of the murine antibody were -grafted" herein onto a human framework. 

In addition, the FR amino acids in the antibody, that are judged as probably 
imponant in maintaining the combining-site structure, may also be retained in the 
humanized molecule. 

30 Fxamole 33 : Choice of a Murine Model of Known Structure 

for the Humanizaiion of the BrE-3 Antibody 
The classification of the V„and V, domains of an antibody such as the 
anti-BrE.3 antibody was done according to Kabat, E.A.. et al. (Kabat. E.A.. at al.. 
■Sequences of Proteins of Immunological Interest* NIH (1991). The anti-BrE-S 

35 kappa chain V, domain belongs to group II and the V, domain belongs to group 
inc. A murine antibody was then found, whose structure had been determined, 
and whose variable regions belong to the same classes. The anti-fluorescyl 
murine antibody 4^-20 shown in Table 1 above (Herron. J.N.. et al.. "Three- 
Dimensional Structure of a Fluorescein-Fab Complex Crystallized in 2-Methyi-2,4- 
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Pemanedior. Proieins. 5;: .1-280 (1989) fiis these reau.remems since, like 
BrE-3. it has V, and V. d. mains belonging to grouos II and HlC. Thus, the 
three-dimensional structures of antibodies BrE-3 and 4.4-20 should be similar, 
and BrE-3 may be modeled after 4-4-20. 

5 Example 34 : Choice of Target Human Framework 
for Humenization of BrE-3 Antibody 
The choice of the target human framework was not based on the 
similarity of the amino acid sequence of the entire framework, but strictly on the 
similarity at the residues that were judged to be structurally important according 
10 to the 4-4-20 model. That is. only amino acids that could be involved in 
contacts with CDR of the opposite chain, or amino acids whose side-chains were 
predicted to be inwardly pointed. The positions of these amino acids are shown 
in Tables 8 and 9 and also in Tables 2. 3, 4. 5 and 6 above. These positions are 
as follows. 

15 For the light chain variable region framework: 1. 2. 3. 4. 5, 6. 11, 

13. 19, 21. 23. 35. 36. 37. 38. 44, 45. 46. 47. 48, 49. 58. 60. 
61. 62. 69, 71, 73. 75! 78. 82. 85. 88, 98, 102. and 104. 
For the heavy chain variable region framework: 4. 6. 12. 18, 20, 
22. 24. 27. 28. 29, 30. 36. 37, 38. 39. 40, 45. 46, 47. 48. 49. 

20 66, 67. 68, 69. 71, 73. 76, 78. 80, 82c, 86. 88. 90, 91. 92. 93. 

94. 103. 107, 109 and 111. 

The numbering system is conventionally accepted (Kabat. et al. (199H. 
supra) and shown in Tables 10 and 11 above. In this case, the consensus 
sequences of all human F, regions were selected as the target human framework 
25 to minimize the immunogenicity of the product. 

Rrst. the sequences of the murine variable chains were aligned with 
consensus sequences from all known human variable region classes (Herron. 
J.N.. (1989). supral and the number of differences in the amino-aclds that must 
be retained from the murine were scored. The positions of these amino acids 
- 30 were obtained from those of murine monoclonal antibody 4-4-20. which -was 
chosen to model the anti.BrE-3 antibody as shown in Tables 28 and 29 below. 
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Table 2B: Choice of BfE-3 Target Human Framework 



BrE-3 

CORI CDR2 

BRE3K DWMTpTTLSLPVSLCDOASISC RSSQNLVHN-NCNTYLY WFLQKSCOSPKLLTY 

HuKi-n .IO...S.S..SA.V..R\T.T. .A..S..XXS-ISK..A .YQ..P.KA A-SL£. 

HuKii-iu -l.-.S TP.EP S.1-SXD N .Y.-P- O.... LV.N.A. 

HuKiii EI.L.S.GT.SL.P.ER.T1_. .A..SVSSS.— -A .YO..P..A.R..-. C..S.AT 
HuKiv .1....S.D..A....ER.T.R K...SVLYSS.KKN..A .YQ..P..P W..T.E. 

CDR3 

» ... 

BRE3K CVroRFSCSCSETOFTlJaSRVEAEDLCVYFCIKXnHVPW.TFCGCrrKLEIK 

HuKi-o ...5 G T..SLQP..FAT.Y. O.YNSUEW. ..Q...V... 

HuKii-K C V„.Y- M.ALQX.RX. „0...V... 

HuKji"! .1 G T...LP..FA..Y. Q YCSS PL ..Q...V... 

HuWv C T..SIJO...VA..Y. Q.YY5T.-X. ..Q...V... 



. idantitY «vitn trM munne i«qusnc« 

• mt morifM r«si4u«t That ar* ttnicxutwibf tuvontM. 



Table 29 : Choice of BfE-3 Vh Target Human Framework 
BrE-3 V„ 

CDR1 

BRE3VH EVKLEESCCCLV0PCGSMKLSCAASCF7TS DAWMD- WVROSPEKCLEWVA 
HuHI Q.Q.VQ..AEVKK..A.V.V..K...Y..T SYAlS- ....A.GQ.-.MC 

H«HU O.Q.O.-P.. K-S(rn-S.T.TV„GSV. SYXWSWN .I..P.G IC 

HuHm ..Q.V LR. SYA.S- ....A.C S 



CDR2 - — • 

BRE3VH EIRNKANNHATYYDESVKC RFTORDDSKSRVYLOMISLRaEDTCLYYCTC 
HuHI W.N-PYC.CD.N.AOKFQ, .V..TA.T.T.TA.MELS.. J...AV...AR 
HuHD R.YYR.YSCS.X.NP.LS .V...V.T..NOPS.KLS.VT.A..AV...AR 
HuHm V.SG.TDCGS...AD N..KTU...N AV.,.AR 



CDR3 • 

BRE3VH EF AN WC(5GTLVTV5A 

HuHI APCYCSCCCCYRGDYXFDY S 

HuHD ELPCGYXCDDYYYXXCFDV S 

HuHlD CRXGX5LSGXYYYYHYFDY S 

. td«natY with th« munn« ttquanc* 

' m« rnunn* r«»idu»« that trt iiructuraUv tmoonant. 



Based on these scores, the human frameworks belonging to groups V,ll 
and V„II1 were chosen to receive the anti-Br E-3 CDRs plus other imponam amino 



' M 

adds. 



Fxamole 35: Identification of BrE-3 Murine-Human DrtferencBf 

5 The original murine seauences (BrE-3 V. or V„) were aligned with their 

closest human (Human Kll or Hilt) relatives that were chosen after comparing 
their sequences in Table 28 above. The alignment of these two sequences is 
shown in Table 30 below. The information in this table is also contained in Table 
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28 above, but is reoroduced here for ctartty- The CDRs are noi shown, since 
iheir sequences were not changed during the humaniration orocess. Thus. Table 
30 shows the maximum number of amino acids that can be changed toward the 
humantzatlon of the anti-BrE-3 antibody, based on the consensus human 
sequences obtained from the current databases (Kabat, E.A., et al. (1991). 
supra). If all these positions were to be replaced with the corresponding human 
amino acids, the corresponding COR grafted antibody variable regions would be 
attained. 



Table 30: Corresponding Amino Add Sequences of VK BrE-3 and Human Kll 



CDRl CDR2 

RrE-3 VK D WMTOTPUI-PVSLGDOASISC WFLQKSGQSPKLLIY 

Humu KD .1,.,^ TP.EP..:.. .Y,..P.„.Q.... 

CDR3 

BrE-J VK CVPDRFSCSCSETDFTUaSRVEAEDLCVYFC FGCCTKLEIK 

Itunu Kll C V...Y. ..Q...V... 

CORI 

t)rE-3 VII EVKLEESCCCLVOPGCSMKLSCAASCFTFS WVRQSPEKCLEWVA 

Humu UI .-O.V UL ..,.A.G S 

CDK2 

IlrE'J Vir RmSRODSKSRVYLOMlSLRAEDTCLYYCTC 

llumu) 111 N..NTL....N AV...AR 

CDR3 

Brt.3 VH WGQCTLVTVSA 

llumin UI S 



Table 31 and 32 below contain the same information as Table 30 above 
in a different format. They show the numbers of the residues that would have 
to be changed in order to completely convea the original murine framework 
completely into a human consensus frameworf;. 



Table 31 : BrE-3 Amino Acid Candidates for 

Change into Human Consensus Sequences 



VI2 FY36 EG68 GQIOO 

TS7 SP40 LV83 LV104 

ST14 KQ45 FY87 LP15 

DEI 7 
QP18 
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Table 32: BrE-3 V« Amino Acid Ce iidotes for 

Change into Human Con: .n?us Sequences 



Vh 
KQ3 
5 ASn3 
SN76 
RT77 
tN82a 



SA40 
EV5 
ML! 8 
KRIS 
GA88 



DN73 
EG42 
A54S 
VL78 
LV89 
TA93 
GR94 



Example 36: Identificatjon o1 Imponant Murine BrE-3 Amino Acids 

The "imponant' murine amino acids that should be preserved were 
chosen based on the contacts of a particular amino acid with the CDRs, and with 
1 5 the opposite chains and/or whether their side chains are pointing inwardly or 
outwardly. The positions of these 'imporrant" amino acids were determined 
based on the examination of the known structures of other antibodies. This 
infonnation is provided in Tables 33 and 34 below. 



Table 33 : Imponant Amino Acid Positions to be Preserved 

20 . — 



V2 CDR contact Buried 

F36 CDR contact Contact with VH 

K45 CDR contact 

25 F87 Possible contact with VH 

G100 Possible contact with VH 

L104 Buried 



30 





Table 34: Important V^ 


Amino Acid PosWona to be Preserved 


v„ 






MIS 


Buried 




S40 


Buried 




A49 


CDR conisct 


Buried 


073 


COR contact 




S76 




Buried 


V78 


COR contact 


Buried 


189 


Might affect 






interaction with V^ 




T93 


CDR contact 




G94 


CDR contact 


Buried 
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Most of the •imponani- amino acids were selected on the basis of the 
structure of antibody 4^-20 and according to Tables 2. 3. 4. 5. 6. 8 and 9 
above. Two impoaant amino acids out of each chain, however, were selected 
based on more general structural analysis, using other antibody structures. This 
5 was done to maximize the chances of conserving ligand binding properties. In 
particular the preservation of the Leu at 89-H was suggested in order to ensure 
the maintenance of, the V,:V, contact. Although the residue aat 89-H is usually 
not in contact with V, and is only partly buried, it nonetheless contributes to the 
interface. A Val for Leu replacement at this position could very well create a 
10 -cavity- which could affect the contact. An lie for Leu replacement would 
probably be fine since these amino acids have essentially the same side chain 
volume. 

Finally, by comparing the position of all amino acids that are candidates 
for mutation, shown in Tables 31 and 32 above, with those that are "imponant- 
15 and should be preserved, shown In Tables 33 and 34, the final selection of 
amino acid positions for actual mutation was anained. Any -important" amino 
acid position was eliminated from the list of candidates. Table 35 below shows 
the amino acids that were selected for change from murine to human identities 
to obtain the present humanized analogue. 



20 



25 



30 



Table 35: Selected Amino Acids for Mutation 



TS7 

ST14 

LP! 5 

DE17 

QP18 

SP40 

EG68 

LV83 



KQ3 
EV5 
KR19 
EG42 
RT77 
IN82a 
GA88 
ASn3 



^xamole 37: Introduction of Changes in 
BrE-3 Amino Acid Sequence 

35 The changes were done at the DNA level in sequential manner. 

All but one of the codon mutations were performed using enzymatic inverse PCR 
(EIPCR). a mutagenesis technique developed by Stemmer and Morris (Stemmcr. 
W.P.C and Morris. S.K.,' Enzymatic Inverse Polymerase Chain Reaction: a 
Restriction Site Independent. Single Fragment Method for High Efficiency 

40 Site-Directed Mutagenesis", BioTechniques 13:146-220 (1992)). 
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First. The emi oUsmid, comnning the target cDNA was 
amplified by inverse PCR using terminal mutagenic oligonucleotides. Second. 
Bsal was used to cut the ends of the incorporated primers. This enzyme cuts ai 
a site that is displaced from its recognition site. Thus, after digestion of the 
open amplified plasmid with Bsal. the Bsal recognition sequence was removed 
from the ends of the DNA. The DNA was (eft with complementary sticky ends 
and could be closed into a functional plasmid that contains the mutagenized 
region. The amino acid and DNA seauences of the non-mutated (wild-type) 
variable light and heavy chains of the anti-BrE-3 antibody are shown in Tables 
15 and 16 above. The amino acid sequences of the anti-BrE-3 antibody 
frameworks and the mutations that were performed for the humanizatton. the 
oligonucleotide that was used for the mutagenesis, and the method of 
mutagenesis are shown in Tables 36 to 44 below. 



Table 36 : Fw FBI Mutation Sites 



Pofioon FR 1 



An«logu« y 
tS Changat) 



U«dir Peptidtt Not Shown 



DNA Codon 
(FR1>'(An«IOQUtt» 



M«tt>od for 



PniTiflri 





0 






V 






V 






M 






T 






Q 




7 


T 


s 




P 






L 






S 






L 






P 






V 




14 


s 


T 


15 


L 


P 




G 




17 


0 


E 


IS 


Q 


P 




A 






s 






I 

s 
c 





ACTTCT 



ACT ACT 
CTTCCT 

GAT GAG 
CAA CCA 



ElPCn' 



EIPCR 
EIPCR 

EIPCR 
EIPCR 



(J037.J038) 



(J037.J038) 
(J037.J038} 

U037.J038) 
IJ037.J038) 



' EtPCR: Enzymatic Invtne Po<YTn«rw Chmn Reaction 
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Position 



FR2 



Table 37: F^^ Ffl2 Mutation Sites 



An«logu« 1 

18 Changes} 



DNA Cooon 
(FR2) lAntloguo) 



M«thod tor 
Mufgwnqs'S 



CORt Not Shown 



40 



W 

F 

L 

O 

K 

S 

c 

Q 
S 
P 
K 
L 
L 
I 

Y 



TCA CCA 



EIPCR" 



UO39^O40l 



EIPCR: iniymmttc tnv«r«i PetyriMf* Chtin R»ctien 



Table 38 : Fy, FR3 Mutation Sites 



Position FR3 Ana.o^e 1 ONA Codon ""'^^^T. 

IB Ch«ngas) <FR3) (Analoguo) Mo«g« »»s.i ^ 

C0R2 Not Shown 
G 
V 
P 
0 
R 
F 
S 
G 
S 
G 

I G GAGGGG E'PCR' U04t.J042. 

T 
0 

T 
L 
K 

S 
R 
V 
E 
A 
E 

33 I V CTGGTG EIPCR U0.1.JO42> 

G 
V 
Y 
F 
C 



• EIPCR: Eiuym^oe Invorse Potytmrat* Ch»n Reaction 
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Table 39 : F^^ FR4 Mutation Sites 



PoiiTion 



Fn4 Analogue 1 

(10 Changes) 



CDR3 Noi Shown 

F 
G 
G 
G 
T 
K 
L 
£ 



Analoguo 2 
<6 Ch«ng«9t 



DNA Codon M«thod tot Pnmaii 
|Fn4l (Anatoguol Moiagenaiis 



^Tablfl 40 : FH1 Mutetion Sites 



Potition 



FRl 



Anafoguo 1 
(8 Ch«ng«9) 



ONA Codon 
(FRIt 1An«logua) 



Method for 
Muug«n««jc 



Primen 



Load«r PeoWJe Not Shown 

E 

V 

3 K 
L 

5 E 
E 
S 
G 
G 
G 
L 
V 
Q 
P 
G 
G 
S 
M 

19 K 
I 
S 
C 
A 
A 
S 
G 
F 
T 
F 
S 



AAQ CAG 
GAG GTG 



AAA AGA 



Eipcn- 

EIPCR 



(J0S7.J05Bt 
(J057,JOS81 



eiPCR 



(J057.J05a) 



■ kWCH: knzynuuc im«r>« PoJrmerat* Ch«n Haacuon 
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Table 41: F«„ FR2 Mutation Sites 



FR2 



Analogue I 
18 Chan9«>) 



DNA Cooon 
(FR2) (An«logtiti 



Mmtttoa tor 



CDR1 Not Shown 



42 



W 

V 

R 

5 

P 

E 

K 

G 

L 

E 

W 

V 

A 



GAG GGG 



(JOSS, JOS 61 



EIPCR: EnxYm»lic lnv(rr»« Polvm«r«t« Chmn ft««ction 



Table 42 : Fvm PR3 Mutation Shea 



Powtion 



FR2 



18 Chw>9«t) 



' ONA Codon 
(FR2) (AnAl09u«) 



M«thod for 
MiiUgorMtii 



Primsrs 



C0R2 Not Shown 



77 



62 



88 



R 
F 
T 

J 

S 
R 
0 
0 

s 

K 
S 
R 
V 
Y 
L 
O 
M 
I 

S 
L 
R 
A 
E 
D 
T 
G 
L 
Y 
Y 
C 
T 
C 



AOA ACT 



ATA AAT 



EIPCR* 



CIPCR 



(J053.J054) 



U053.J054I 



G6C OCC 



EIPCR 



(J053.J0S4) 



EiPCR: Enzymaoe Invartfl Potymw at Chmn Re«eoon 
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Position 



FR2 



C0R3 Noi Shown 

W 
G 
Q 
G 
T 
L 
V 
T 
V 

s 

113 A 



• • • * * * 

Table 43 : FR4 Mutation Sites 



le ChanQcs) 



ONA Codon 
(FR2I (Analogo*) 



Mvtnoo tot 



GCA TCT 



PCR- 



U051,J0521* 



44: Sequences of Mutagenic OUgonucieotides 



Z AGC TTG GOT CTC AGO ACT GAC ACG CAG CGA GAG TGG AG A TTG GGT CAT CAC AAC .Se..O Mo. 51 , 
J039 G TTC CTG CTC TCG CCA GGC CAG TCT CCA AAG CTC CTC .S,q. ID No. 52. 
JOAO T TGG AGG TCT CCC TGG CTT CTG CAG GAA CCA ATA TA A AT (S«. .0 No. 53, 
.0. TTC ACA GGT CTC ATC AGC AGA GTG GAG GCT GAG GAT CTG OCA GTT ^ ;;;;; 

J051 CCT GGA GGA TCC ATG AGA CTC TCT TGT GCT (S,q. ID No. 56> 
J052 GTT GGG GCT AGC AGA AGA CAC ACT GAC CAG ACT (S.,. lO No. 57, 
.053 TAC CTG OCT CTC AAT AGC TTA AGA GCT CAA CAC ACT GCC CTT 

,05. TTC AGC GGT CTC GCT ATT CAT TTG CAC GTA CAC ACT ACT TTT CGA ATC ATC S... D No. 59 
,055 CTC CCC GCT CTC CCA GGC AAC GGG CTT CAG TCG GTT GCT GAA ATT ACA AA -0- .D No^ , 
,055 CTC AAG GGT CTC CCC TGG AGA CTC GCC GAC CCA GTC CAT CCA GGC y^^^' ^ 



. ... P^. ... .051 .052 ... c.,n..v .n...^ -—^^^^^ T.l '."^VeV:. o^I 
n • umr om« xiih OPCR. uiing pimw™ J0E7 an) J05B. ^ 



f^nninlB 38 : Synthajij of Primers 

All primers except J051 and J052 were synthesized on . PCB-Mete 
DNA synthesizer model 391 (Applied Biosystems. Foster City CA). PrimersJOSI 
and J052 were purchased from Keystone Uboretories. Inc. Menio Park. CA. 
Both, the PCR method used with J05I and J052 and «.e EIPCR method used 
with all other primer sets, are described below. 
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•e piasmid DNA templaie was extracted with a kit purchased from 
QIAGEh -Tchapswoah. CA) and diluted to lng///l in lOmM TRIS ImM EDTA pH 
7.5 . 8. This piasmid is composed of vector pCRlOOO (Invitrogen Corporation. 
San Diego. CAI into which the cDNA encoding the variable region to be 
humanized was insened. 

A mixture of PCR primers was made where each primer was preseni at 

a concentration of 10 pmole/^/l in water. 

The PCR amplification conditions were as follows. All reagents as well 
as the GeneAmp PCR system 9600 were purchased from Perkin Elmer Cetus. 
Optimal PCR conditions were determined empirically for each pair of mutagenic 
primers. A matrix of conditions varying the concentration of MgCI,. mutagenic 
primers, and template ptasmid DNA was set up. The annealing and extension 
temperatures during PCR may be varied. 

Piasmid template (500 pg/pl). 0.5 |/M each mutagenic oligonucleotide. 
1 mM MgCl,. 10 mM TRIS pH 8.3, 50 mM KCI. 0.2 mM each nucleotide 
triphosphate <dGTP. dATP. TTP. dCTP). and Taq polymerase 1 unit/ 20^ 
reaction mixture. 



20 



25 



30 



g«amole 39 : Hot Start PCR 

All the components of the PCR mixture, with the exception of Taq 
polymerase, were mixed in a 95 p\ volume. The mixture was then dispensed in 
19 pi aliquots into 5 PCR tubes. The reason for performing five independent 
reactions was to decrease the odds that unwanted mutations be isolated as a 
result of nucleotide misincorporation during PCR. The tubes were heated to 
95-C for 5 minutes and then cooled to 72-C. While at that temperature 1 fA 
of an appropriate Taq polymerase dilution in 10 mM TRIS. pH 8.3. 50 mM KCI 
was added to the reaction tubes. The temperature cycling then proceeded as 
follows. 
94'C. 3 min 

(t94'C, 1 mini (50*C, 1 min) (72*C. 3.5 m(nH 3 cycles 
|(94'C. 1 min) (55*C. 1 min) (72'a 3.5 min)) 25 cycles 
72*C, 1 0 min 



f ^ gmole 40 : Extra Final Extension 

After cycling, the contents of the five tubes were mixed and an extra 
final extension reaaion was carried out. Extra nucleotide triphosphates were 
3S added (to 1 25 pMI. 5 units of Taq polymerase were also added and the mixture 
was heated to 72*C for 10 minutes. 
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Example 41 : Purification of PGR Pi . ducts 

The PGR products were then separated on a 0.8% agarose gel in 1 XTAE 
buffer and 0.5 //g/ml Ethidium Bromide. The correct DNA band was visualized 
with UV light (366 nm». excised from the gel and extracted with the GeneClean 
kit purchased from Bio 101, La Jolla, CA. 

Example 42 : Restriction Digestion 

The DNA was then digested with Bsal for two hours at 60 degrees 
Celsius in 25 (20.5 of DNA, 2.5 //IIO X buffer 4 (NEB) and 2 BsAI (NEB). 
Bsal sites were designed near the 5' end of the PGR primers. The primers 
included 6 extra nucleotides 5' of the Bsal sites to facilitate digestion by Bsal. 
There were no Bsal sites elsewhere in the plasmid. Other restriction enzymes 
may be.used as advised by Stammer and Morris (Stammer and Morris (1992). 
supra). This special class of restriction enzyme cuts at a site that is different 
from its recognition site but. nevertheless, at a precise distance from it. Using 
this method, there was no need for having restriction sites in the sequence in 
order to perform the mutagenesis. 

Example 43 : Second Purificetion 

The restricted products were then separated on a 0.8% agarose gel in 
IXTAE buffer and 0.5 ;/g/ml Ethidium Bromide. The correct DNA band was 
visualized with UV light (366 nm). excised from the gel and extracted with the 
GeneClean kit purchased from Bio 101. La Joila. CA. 

pxamole 44: Ugetion (Redosure of Pfasmid) 

The ligation mixtures consisted of 5 ^ extracted DNA. 2 //I lOx ligation 
buffer (NEB) 1 ^ T4 DNA polymerase (NEB), 12 iA water. The amount of 
plasmid DNA may be varied depending of the intensity of the band extracted 
from the GeL Ugation was carried out at room temperature for 2 hrs.. or 
attematively at 14'C overnight. 

Example 45 : Tranfformation and Sequencing 

The reclosed plaamids were then transformed into E. coii- We used Inv 
30 alpha F' competent cells purchased from Invitrogen Corporation. San Diego CA. 

Plasmid DNA was then prepared from a few transformants and 
sequenced to verify that mutagenesis was successful. 

Example 46: IVlutagenesis of BrE-3 Antibody using J051 and J052 

These oligonucleotides were designed to mutagenize Kl 9 to R (by JOSD 
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and Al 13 to S (by J052). not by using EIPCR but using the normal PCR (with 
primers pomt.ng to each other). Primer J051 earned a BamHt site and primer 
J052 carried an Nhel site. After mutagenic PCR amplification the resulting 
amplified DNA cassene was insened into the plasmid in lieu of the corresponding 
wild-type DNA fragment. There was no compelling reason to use this method 
over the EIPCR method except that conveniently placed restriction sites (BamHI 
and Nhell were available. This method, however, yielded only the All 3 to S 
mutation. A subsequent analysis showed that the J051 primer, which carried 
the K19 to R mutation ran aberrantly on a potyacrylamide gel. 

The protocol for the mutagenic amplification step was as follows. 
Plasmid template (500 vQ/fAl 0.75 each mutagenic oligonucleotide. 2 mM 
MgCI,, 10 mM TRlS pH 8.3. 50 mM KCI. 0.2 mM each nucleotide triphosphate 
(dGTP. dATP, TTP, dCTP). and Taq polymerase 1 unit/20 fA reaction mixture.. 

The PCR was hot started as described for EIPCR above. The temperature 
15 cycling conditions used were as follows. 
94"C, 3 min 

n94*C. 1 min) (4.4'C. 1 mini (72*C. 1 minll 3 cycles 
l(94'C. 5 sec) (65*C. 1 min) {72'C. 1 mini) 32 cycles 
72'C. 10 min 

20 The exua final extension and purification of PCR products were 

conducted as described for EIPCR above. 

The restriction digestion of the vector and the insert were conducted as 
follows. The PCR product was digested with BamHI and Nhel for 1 hr. 50 min. 
at 37'C (19 //i of DNA, 2.5 fA lOXbuffer 3 (NEB), 1.5 fA BamHI (NEB). 1.5 fA 
Nhel (NEB). The vector, which is the staaing plasmid described above, was 
digested under similar conditions I Ia^ plasmid ^fJ^llfA lOXbuffer 3 (NEB). 1 .5 
fj\ BamHI (NEB), 1.5 fA Nhel (NEB) 14 fA water. 2>4hrs. at 37«C1. 

The restriaed producu. vector and insert, were then purified once more 
as described above for EIPCR. 

The ligation of the fragments was conducted as follows. The ligation 
mixtures consisted of 5 fA veaor, 5 fA insert. IfA^Ox ligation buffer (NEB) 1 fA 
T4 DNA polymerase (NEB). 7 fA water. The amount of plasmid DNA may be 
varied depending of the Intensity of the band extraaed from the Gel. Ugation 
is carried out at 14'C overnight. A control ligation with vector only was carried 
out in parallel. The uansf ormation of the host cells was conducted as described 
for EIPCR. 

Example 47: Plasmid Preparation and Seauendng of Humanircd BrE-3 



25 



30 



35 



80 



Plasn;J DNA was then prepared from several indeoendent 
transformanis. A few of the plasmids that were shown by restriction analysis 
to contain the insea were then sequenced to verify that the mutagenesis was 
successful. When one of the seauenced DNAs contained the desired mutation 
5 ft was utilized for the next mutation cycle. The fuHy mutated humanized 
analogue 8rE-3 DNA sequences for the and V, segments are shown in Tables 
45 and 46 below. 

Table 45: BrE-3 Antibody Humanized Analogues DNA Sequences 

BrE-3 FR-H2 



10 
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«OMOTreCCTGTT*D0C«T7tICT0eraTWTreTW*rTCCTCCTT«^^ 

jm:ACCCAAi3caicm:TCCTOccTcrc&si£S«*2££fi£ieCTTccATCTCTW 

«TCMJUu:CTT<7TAau:JULCAATO«AACACCXATTTATATTa3TTC creCMMCCCAOCCCAC 

TCTCaiJU«CTCCTC«TT*rJUMOeTTCCArCCaXTTrTCrQMCrcrcACACMCT^ 

MT COA TCA SSS ACA CUT TreACACTCJUU;ArCMCAGAeroQM«:TOWa«2rS«WA<7TTTAT 

TTCTtJCrn^CWOCTACXaCrCTTCCOTOACCTTCCWTOCAOKACCAACCTCC^ 

(S«Q. ID No. 64) 
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30 



Table 46 : BrE-S Antibody VH Humanized Analogue DNA Sequences 

BrE-3 VH FR-HZ 

JCTTACTTO«yiCIOAXCTATCrTCTTCATX«TTrTCTCTrAA*ACOTaTCCM*CTaAACTO 
crrsaCAOTCTQaAaSAOWrTTOCnOCAACCTeJWOMTCCAItiAaCTCTCT 

<»TTCAO-TTrA«a*Tca:TWATcoACT»«;rcax:CAaTCTCCA2eS*«««c^ 

<rrTCCTOAAA3TAOAAACAAA0CCAATAATCATQakACATATTATaATQ*DTT:TCT0AAAC«*« 

TrCACCAjria^AflAO«OATTCCAAA*OT£SI«9'J^'^"**^*^*^™*"'^"* 
(yW=ACrS££CTTTATTACTCTACT«aCAflTrr«:rA*CTCO<«CWO0OACTCTaTO 

TCT in O cS«q. ID No.: 85) 



Example 48: Humanized BrE-3 Antibody Expression 

Two expression veaors pA64622 and pAH4604 (Coloma. M.J.. et al. 
(1992). auprat were used that were developed and provided by S.L. Morrison 
(Dept. of Microbiology and Molecular Genetics, UCL^K Any cONA encoding a 
signal peptide and either the variable heavy chain or the variable light chain can. 
in principle, be inserted into these vectors resulting in a consuuction that 
encodes an IgGI . K. antibody with human constant regions. Correctly modified 
cDNAs were excised from pCRlOOO with EcoRV and Sal I and inserted into 
35 PAG4622. These encode the modified light chain. The wild-type heavy chain 
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was simtlarlv excised from pCRlOOO bv digestion w EcoRV and NhE) and 
inseaed into dAH4604. The resxriction and ligation tactions necessary to 
accomolish these operations were performed under the --onditions stipulated by 
the enrvme manufacturers (New England BioJabs. Beverly, MA). Both the 
5 vectors and the insens were punfied from an agarose gel prior to ligation, using 
the Biol 01 (La Jolla, CA) GeneClean kit (glass beads). The V„ and V, regions 
in the final constructions were sequenced once again to verify that they are 
correct. The non-producer myeloma cell fine SP2/0-Agl4. ATCC: CRL 1581. 
(Shulman M.. et al. (1978), supra) was iransfected with both plasmid 

10 constructions, and antibody producers were isolated following the 
recommendations outlined in (Coloma, M.J. et al- (1992). supra) except that 
selection was done only for the uptake of hisD (by adding 5 mM histidinol to 
the medium and readjusting the pH to 7.4 with NaOH). Usually after ten days, 
stable transfeaant colonies were established at a frequency of approximately 

15 10' to 10"^. Colonies were then transferred to normal medium (without 
histidinol). The culture media were either Dulbeco's modified Eagle's medium 
(DME): fetal bovine serum (FBS), 90:10, v/v, or a mixture of DME:RPMI:FBS, 
45:45:10, v/v/v. Penicillin and streptomycin were added to prevent bactenal 
growth. 

20 The supernatants from stable transfectants were assayed for the 

presence of the antibodies. This was done by capturing the secreted chimeric 
antibody with a plate-bound goat anti-human-kappa chain antibody and 
developing with goat anti-human-gamma chain antibody, essentially as described 
previously (Coloma, M J. (1 992), supra) except that the secondary antibody was 

25 radiolabeled with '"I. The supernatants were also assayed for binding to human 
milk fat globule (HMFG) as described previously (Ceriani R.L.. et a!.. 'Diagnostic 
Ability of Different Human Milk Fat Globule Antigens in Breast Cancer". Breast 
Cancer Res. Treat.. 15:161-174 (1990)). HMFG is bound to the microtrter 
plates as described previously (Ceriani. R.I. (1984). supra). Usually most colony 

30 supernatants were positive by both assays. Colonies that secrete the 
highest level of antibody in the supernatants. as determined by these assays, 
were subcloned and subsequently adapted to serum-free medium for the 
purification of antibody. Serum free medium contains HL-1 supplement as 
direaed by the manufacturer (Ventrex Ubs.. Portland. ME). 

35 Example 49 : Half Humanized-Half Chimeric BrE-3 Antibody 

A BrE-3 humanized light chain was paired with an anti-BrE-3 non- 
humanized chimeric heavy chain by co-transf eaion of SP2/0 myeloma cells with 
hybrid plasmids carrying the respective DNA sequences and those of a human 



82 



:PCT/0S95/li44 



Examole 50 : Determination of Affinity Constants for Hatf 

Humanized and Fully Humanized BrE-3 Antibodies 
The secreted half humanized-half chimeric and fully humanized antibodies 

were purified from culture supernatams using a Sepharose 4B-protein A column 

(Bio-Rad. Richmond. CA.) as described by Ey et al. (£y. P.L. et al. (19781. 

supra). MIcrotiter plates (Dynatech. Chantilly, VA) were prepared as described 

by Ceriani et al. (Ceriant, R.L., et al- (1992). supra) using successive layers of 

methylated BSA, glutaraidehyde. anti-^-galactcsidase and the bacterial fusion 

protein 11-2 (a hybrid of ^-galactosidase and human mammary mucin). Each 

well contained 388 ng of the 1 1-2 fusion protein. To each well were added 25 

/A *"l -BrE-3 in RIA buffer (10 % bovine ca(f serum, 0.3% triton X-100. 0.05 

% sodium azide pH7.4. in phosphate buffer saline) and compete with 25 fA of 

either unlabeled murine or chimeric antibody in RIA buffer at the final 

concentrations of 130 pM, 850 pM, 1.3 nM. 4 nM, and 13 nM). lodinations 

were performed with '"I {17Ci/mg, Nordion International). Fifty micrograms of 

monocionat antibody BrE-3 (Coulter, Hialeah, FL) were labeled at a specific 

activity of 9.56 mCi/mg using the chloramine T method as described praviouslv 

by Ceriani et al. (Ceriani. R.L. et al. (1988). supra) 

Antibody-antigen affinity constants were determined by taking the 
reciprocal of the concentration of competing unlabeled monoclonal antibody that 
produced 50 % binding as described by Sheldon et al. (Sheldon, K., et b(. 
(1987), supra). The protocol used to determine affinity constants was as 
described above except that in each case, an unlabeled antibody competed for 
binding to antigen against the same radiolabeled antibody. Both, the half 
humanized-haff chimeric antibody and the fully humanized antibody competed 
about as well or bener with the anti-BrE-3 murine antibody for the enogen. 

Polyacryiamide gel electrophoresis was performed to insure that the 
antibody chains migrated as expected. The affinity binding constants of the 
murine, chimeric, half humanized and humanized antibodies were determined in 
independent competition assays. 

p^Bmple 51 : HistochomicBl Specificitv of Half and 

Fully Humanized BrE-3 Arttibodiea 
Immunohistochemical staining using the immunoperoxidase technique 

of consecutive human breast carcinoma tissue sections was used as a test to 

verify that the analogue antibodies retain useful affinity for the carcinoma 

antigens. Breast carcinoma tissue sections were stained with the supernatant 

of the half humanized/half chimeric and fully humanized transfected cells using 
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,he Vectastain ABC meihod (V, v Labs. Burling-me. CAl. Both antibodies 

Showed strong staining panerns- 

Example 52" Gel Chromato vaphv of Halt Humanizcd-Half 

Chimeric and Fully Humariiied BrE-3 Antibodies 

Antibody disulfide bonds were reduced by heating for 10 min at 65-C in 
Uemmli loading buffer containing 5% beta-mercaptoethanol. The separated 
chains were then chromatographed on a SDS polyacrylamide gel (10%). Two 
bands were observed for both antibodies of similar migration panern as the 
murine antibody. These data were also confirmed by Western blotting. 



) 



10 guBmole 53: 



15 



Deduced Amino Add Sequences of Humanized 
BrE-3 Variable Ught and Heavy Chains 
The amino acid saauences of the light and heavy chains of the analogue 
humanized antibody are shown in Tables 47 and 48 below. These amino acid 
sequences may be improved either to increase affinity for the antigen or to 
decrease immunogenicity in humans. Numerous variants of this sequence may 
be engineered in accordance with the invention. 

Table 47: Humanized BrE-B Analogue Amino Acid Sequence 
BrE.3V,FR-HZ 



J 



20 



30 



Leader mkipvrllvlLFWtPASIS (Seq. ID No: 66) 

FRl DVVMTQSPLSLPVTPGEPASISC (Seq. ID No: 67) 

CDR1 VHNNftNTYLY (Seq. ID No: 68) 

FR2 waQKPGQSPICaiY (Seq. ID No: 69) 
rnR? ' RASIRFS (Seq. ID No: 70) 
25 FR3 5vPDRFSGSGSGTDFn.KISRVEAEDVGVYFC 

(Seq. ID No: 71) 
pons FQGTHVPWT (Seq. ID No: 72) 



FR4 



FGGGTKLEIK (Seq. ID No: 73) 



Table A8: BrE-3 V„ Analogue Amino Acid Sequence 
BfE-3V„ FR-HZ 



3S 



Leader 
FRl 

CPR1- 



FR2 
CDR2 



FR3 
CDR3 
40 FR4 



mytfllnyvflVFLLKGVQS (Seq. ID No: 74) 
^VOLVESGGGLVQPGGSMRLSCAASGFTFS (Seq.lD No: 75) 

DAWMP (Seq. ID No: 76) 



\WVRQSPGKGLEWVA (Seq. ID No: 77) 
fmi^tCANNHAT YVDESVKG (Seq. ID No^TS) 
RF^ISRDDSKSTVYLQMNSLRAEDTALYYCTG (Seq. ID No. 79) 

EFAN (Seq. ID No: 80) 



WGQGTLVTVSS (Seq. ID No: 81) 
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gMmole 54 : Choice of Murine Model of Known Struetufe 
fot Humaniiation of «nti-KC-4 Anobodv 

The classification of the V.andV, domains of an antibody such as the 
ami.KC.4 antibody was done according to Kabat et al. (Kabat. E.A.. et al.. 

5 -Sequences of Proteins of Immunological Interest" NIH (19911- The KC.4G3 
icappa Chain V, domain belongs to group II and the V„ domain belongs to group 
,Ud, A murine .mibody was then found, whose structure had been determmed. 
and whose variable regions belong to the same classes. The am.- 
myohemeryrtirin pepfde antibody B13I2 fits these requirements since. I,ke the 

,0 anti-KC.4 murine antibody, h has V, and V„ domains belonging to groups II and 
,„d (Stanfield. R.L.. ., al.. -Crystal Stnictures of an Antibody to a Peptide and 
its complex with Peptide Antigen a. 2.8 k: Science 248:712-7,9 (199011. 
Thus the three-dimensional structures of antibodies the anti-KC-4 and 81 312 
antibodies should be similar, and the humani^tion of the .nti.KC-4 antibody may 

IS be modeled after B 1312. 

e^nmole 55 : Choice of Target Human Framework for 
Humanization of Chimeric anti-KC^ Antbody 

The choice of the target human framework was based strictly on the 
similarity at the residues that were judged to be struaurally impoaant according 
20 to the 81 312 model. That is. only amino acids that could be involved in contacu 
with CDRs of the opposite chain, or amino acids whose side-chains , were 
predicted to be inwardly pointed. The positions of these amino acids are shown 
in Tables 49 below. 

Table 49 : Importem Amino Add Positions for ami.KC-4 Antibody 



25 



Light Chairi Variable Region Framework 

2. 3. 4. 6. 7. 11. 13. 19. 21. 22. 23. 35. 36. 37 3B 43. 
4i 46. 47. 48. 49, 58. 60. 61. 62. 69, 71. 73. 75. 78. 
82. 85, 86. 87. 88. 98. 102, 104 and 106. 

30 Heavy Chain Variable Region Framework 

2. 4, 6. 12. 18, 20. 22. 24. 27. 28. 29- 36 37 38 39 43 45. 46. 47 4^^^^ 
49. 66. 67. 69. 71. 78. 80. 82. 82c. 86. 88. 90. 91. 92, 93. 94. 103. lu 



35 



109 and 111. 



The numbering system is conventionally accepted (Kabat. et al. (1991). 
.upra) and is shown in Tables 10 and 11 above. In this case, the consensus 
sequences of ail human F, regions were selected as the target human framework 
to minimize the immunogenicity of the product. 
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First ihJ sequence's of the murine variable chains were aligned with 
consensus sequences from a., known human variable region classes IHerron. 
J N (1969), suprat and the number of differences in the amino-ac.ds that must 
be retained from the murine were scored. The positions of these amino acids 
5 were obtained from those of the B1 312 murine monoclonal antibody, wh.ch was 
chosen to model the humaniiation of the 8nti-KC-4 antibody. 

Based on these scores, the consensus sequences human frameworlcs 
belonging to groups V.II and VJII were chosen to receive the ami-KC-4 murine 
antibody CDRs plus other Important amino acids. 

10 Eitample 56: Identification of IV!urine-Human 
BrTti-ICC-4 Antibody DHierences 
The original murine sequences (8ntt-KC-4 V, or V„) were aligned w.th 

their closest human (Human KII or HIIH relatives that were chosen after 

comparing their sequences as described in Example 34 above, in the present 

15 example, it was intended to be substituted as many amino acids as possible in 
going from the murine to the humanized variable consensus sequences, leaving 
the important amino acids intaci as described in Examples 55 and 57. The 
amino acids chosen to be preserved were a subset of those listed above. These 
were selected by analogy to the B1 312 sequence. The single exception was the 

20 glycine tlOOJ residue of the original framework of the variable region of the 
murine kappa chain, which was retained despite not being encompassed In Table 
49 above since it was thought that it might contact the variable domain of the 
heavy chain. Such contaas were observed in at least three' Fab that lack a giy 
at this position. 

25 Pgamole 57: Identification of Important Murine 
anti-K-4 Antibody Amino Adds 
The -important- murine amino acids were chosen for preservation based 

on the contacts of a particular amino acid with the CDRs. and with the opposite 

chains and/or whether their side chains ere pointing inwardly or outwardly. The 

30 posraons of these "impoaant" amino acids were determined based on the 
examination of the known structures of other antibodies. 

Most of the •important- amino acids were selected on the basis of the 
structure of antibody B13I2 and according to Tables 2, 3. 4. 5. 6. 8 and 9 
above. The final selection of amino acid positions for aaual mutation was 

35 attained by comparing the position of all amino acids that ere candidates for 
mutation with those that are -important- and should be preserved. Any 
•impoaant- amino acid position was eliminated from the list of candidates. 
Table 50 below shows the amino acids that were selected for change in the 
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15 



25 



murine seauence lo anain the humanizec seouence in the present exemDlary 
analogue. 

Table 50: Anti-KC-4 Murine Antibody Variable Region 
Amino Acids Selected for Mutation 

Position KC-4G3 Murine Identity — > Consensus Human Identity 
Light Chain Variable Region 

!i I I 
t! I 

Heavy Chain Variable Region 



1! 



" i; f I 

J- } 
l! I if 



The change N — > K at position 74 in the variable light chain knowingly 
eliminated an N-!inked glycosylation site, vvhich was present in the original 
30 murine monoclonal antibody. 

Example 58 : Introduction of Change* in Amino Acid Sequence 
for Humaniiotion of «mi-KC-4 Antibody 
The introduction of the changes in the amino acid sequence was not 

35 done as described in Example 37 above. Insread the DNA encoding each 
humanized variable region was synthesized in a single polymerase chain reaction 
(PCR) using overiapping oligonucleotides in accordance with the method 
described by Ye et al. (Ye, Q-2. Jonhson, LL., and Baragi. V., 'Gene Synthesis 
and Expression in E. coll for PUMP, a Human Matrix Metalloproieinase". BBRC 

40 186(1 1:1 43-149 (1992)1. The sequences of the mutagenic are shown in Table 
51 below. 
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Tflble 51 : Primers for Humanization of anti-ICC-4 
fVlurine Antibody Variable Regions 



5 Joco 
JOCl 

10 J0<3 
JO*/ 



IS 



J073 



J01S 



20 J07( 



J07t 



CCCGGATCC rrrAAfcAOCT CTCCACTCTG AACTCCACAT CCTSSAC TC7C ISCQ.ID Ho: HI 
CAATTCCCOCC TACCACTACA CACACTGACC ACACTCCCTT CCCCCCX3 (SCQ.IO Ko:t3» 
ACTSCACATC CTCCWTCTC CGCGACCCTT ACTCCACCCT CCASCCTCCC TOACACTCTC 
CTCTCCACCC TCrSGATTCC CII^UUTTAC CTATCCCATC TtSW-lO Ho.KJ 

CTTCATACTA OCCCTAATTA CatfX*CTAC TAATITCTOC CACCCACTCC ACCCCCTTCC 

CTGOACCCTS COSAACCCAA CACATSSCAT ASCTACTCAA A (S«0. 10. Mo.: IS) 

TAA3TACCCC TACIAICAAC ACACTCTOAC CCCCCOATTC ACC AI CTC CA CACACAATTC 

CAAOAACACC CRTTACCTCC AAATCAACAC TCTOJUSGCCT O IlKQ. 10. !*>• : ■<> 

CCACA CT CCC TTCCCCCCAa TAASCAAACC AGOCOS O CAT ACQCTACTCC TTXCTTCCAC 

ACTAATACAC CCCCCTCTCC TCACCCCTCA CACTCTTCAT T (StQ, JO. Mo.: •7) 

GOttAACCTTO ATAfCCACCA TUAACTTCCC ■nmACCCTO TTSCTOCTCA TCTTCTcaAJ 

TCCTOC (MO. ZD Mo.t ••) 

AAAGATTCC TOCACTTAaj TTTTATTTCC ACCTTCCTCC CCCCTCC CAA CgTCT A OCCA 
ACATOT (5S0. JD. Mo. t ««} 

CTCATOTTCT CGATTCCTCC TTC C ACCAQT OATCTTTTUA TOACCC AAAC TCCTCTCTCC 
CTCCCTCTCA CTCCASOAOA OCCACCCTCC ATCTCTipCA (SCQ. 10. Mo.: fO) 
CTSTOaAOAC TOCCCPOCTT TCrOCACCTA CCATTCTAAA TAMTC TTTC CATTACtATG 
TACAATCCTC TOACTAOATC TOCAACAMT OCA fl CCT CC C ISSO. ID. Ho.i fll 
CO AA Ca TCTA CCCAACAICT OAXCCTTOAA AjCCAOTAATA AATTCC CACA 
CCACTCTCCT OArCTTOACT CTCAAATC7C TC CC T C ATCC (SSO-ID- Mo. : 93) 



TCCT C ACCCT 



2S Exemote 59: Synthesis of Primers for Hununtzotion 
of ami-KC-4 Antibody 

All primers were synthesized on a PCR-Mate EP DNA synthesizer model 
391 (Applied Biosystems, Foster City CAl using 40nmole columns, cycle 1:63, 
with Trityf off. None were purified before use. The EIPCR method was used 
30 for preparing all primer sets. Their sequences are shown in Table 51 above. 

The plasmid DNA template was extracted with a kit purchased from 
QIAGEN (Tchapsworth, CA) and diluted to 1ng///l in lOmM TRIS ImM EDTA pH 
7.5 - 8. This plasmid is composed of vector pCRIOOO (Invitrogen Corporation, 
San Diego, CA) into which the cDNA encoding the variable region to be 
35 humanized was inserted. 

Example 60 : Synthesis of anti-KC-4 Humanized 

Heavy Chain Variable Regions 

A mixture of PCR primers was made, where each primer was present at 

a concentration of 1 0 Qmo\e/fA in water. 

40 Four 101 'mer oligonucleotides U061, J062, J063 and J064), one 

50'mer U059], and one 49'mer (J060), were used for the synthesis of the 

humanized variable heavy chain. The oligonucletides concentrations were 



88 



estimated using the f muta 

c = ((A„o)/301;/g///! 

The PCR ampltf icaiion conditions were as follows. All reagents as well 

as the GeneAmp PCR system 9600 were purchased from Perkin Elmer Cetus. 

Optimal PCR conditions were determined empirically for each pair of mutagenic 

primers. A matrix of conditions varying the concentration of MgCI,. mutagenic 

primers, and template plasmid DNA were set up as follows. However, the 

annealing and extension temperatures during PCR may be varied. 

24jM primer J059 1 50nM each of primers J061 , 62. 63 and 64. 
2pM primer J060 200;/M each of dGTP. dATP. TTP. and dCTP. 
lOmM KCI 20mM Tris-HCI pH 8.8 

lOmM (NH.)jSO* 2 units per \00fA reaction Vertt DNA 
0.1% Triton X-100 polymerase (New England Biolabsl 
6mM Mg504 

Example 61 : Hot Start PCR for Humanizotion of anti-KC-4 Antibody 

All the components of the PCR mixture, with the exception of Vent DNA 

polymerase, were mixed. The mixture was then dispensed in 1 9 //I aliauots into 

5 PCR tubes. The reason for performing five independent reactions was to 

decrease the odds that unwanted mutations be isolated as a result of nucleotide 

misincorporation during PCR. The tubes were heated to 95'C for 5 minutes and 

then cooled to 72'C. While at that temperature 1 of an appropriate Vent DNA 

polymerase dilution in 1 x buffer was added to the reaction mixture (hot stan). 

The temperature cycling then proceeds as follows. 

I(96*C. 6 sec) (55*C. 10 seel (72'C. 30 secH 3 cydes 
[(96*C, 5 seel (60'C, 10 sec) (72*C, 30 sec)] 29 cycles 
72'C. 1 0 min 



Example 62 : Extra Final Extension for Humaniied 

anti-KC-4 Arrtibody DNA 
After cycling, one exva final extension reaction was carried out. Extra 

deoxyribonucleotide triphosphates (tc 125 fjM) and 1 unit of Vent DNA 

pdymerase were added, and the mixture was heated to 72'C for 10 minutes. 

The resulting synthetic DNA fragment was digested with Dral and Nhel 

and inseaed into the same restriction sites a plasmid construct encoding the 

corresponding murine heavy chain variable region. 

Example 63 : Synthesis of anti-KC-4 Humanized 

Light Chain Variable Regions 
The light chain variable region (V^l genes were synthesiied in a similar 
way as described in Examples 60 to 62 above for the heavy chain variable 
regions. 
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Example 64 : Purification of Humanized anti.KC-4 PGR Products 

The PGR products were then separated on a 0.8% agarose gel in 1 XTAE 
buffer and 0-5 ^/g/ml ethidium bromide. The correct DNA band were visualized 
with UV light (366 nm|, excised from the gels and extracted with the GeneClean 
kit (Bio 101. La Jolla. CA). 

Example 65: Litigation of Humanized anti- 

KC-4 DNA to Piasmid 

(Redosure of Plasmid) . . r 

The ligarion mixtures consisted of 5 fA extracted DNA. 2 ^ lOx ligation 

buffer <NEB) 1 ^ T4 DNA polymerase (NEB). 12 fA water. The amount of 

plasmid DNA may be varied depending of the intensity of the band extracted 

from the GeL Ligation into a pBluescript KS* plasmid tStratagene) was carried 

out at roon> temperature for 2 hrs.. or ahematively at 14*C overnight. 

IS gKamole 66 : Transformation and Sequencing 

of Humanized anti-KC-4 DNA 

The reclosed plasmids were then transformed into E. coli utilizing Inv 

alpha F' competent cells purchased from Invitrogen Corporation. San Diego CA. 

Plasmid DNA was then prepared from a few transformants and sequenced to 

20 verify that mutagenesis was successful. 

Example 67: Hybrid Piwrnid Preparation and Sequencing 

Plasmid DNA was then prepared and sequenced to verify that the 
mutagenesis was successful. The mutated anti.KC-4 humanized analogue DNA 
sequences for the Vh and V, segments are shown in Tables 52 and 53 below. 

25 Table 52 : Humanized ami-KC-4 Arrtibody 

Analogue DNA Sequences 

anti.KC4 V, [-k-HZ IZTZZ 

J ATC AAG TTG CCT Crn- AGG CTG TTG GTG CTG ATG TTC TGG ^ ^CT GCT 

TCC AGC ACT GAT GTT TTG ATG ACC <^ ifl S Ict Sc a5c ATT 
ACT CCA GGA GAG CCA GCC TCC ATC ZET I?^ ?S AM CCA 
GTA CAT AGT AAT GGA AAC ACC TAT ™ ^AA TOT TAC CTC CAG AAfl. 
GGC CAG TCT CCA CAG CTC CTG ATC TAC AAA GTT TCC ATC CGA ITT TCT 
5gG GTC CCA GAC AGG TTC AGT GGC AGT GGA TCA GOT ACA GAT TO 
CTC AAG ATC AGC AGA GTG GAG GCT GAG GAT GTG GGA ATT TAT TAC TG^ 
TTT CAA GGT TCA CAT GTT CCG TAC ACG TTC GGA GOT OTG ACC aau v. 
GAA ATA AAA C (SEQ. ID. No.: 93) 



30 



35 
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Table 53 : Humanized enti-KC-4 Antibody V„ 
Analogue DNA Sequences 



to 



IS 



enu.KC-4 V„ FR-HZ 

ATx; GAC rrr ggg ctc agc ttg gtt rrc err gtc err att tta aaa ggt 

GTC CAG TGT GAA GTG CAG ATG G7G GAG TCT GGG G^ GGC ^A GTG CAC 
CCT GGA GGG TCC CTG AGA CTC TCC TGT GCA GCC TCT GGA TT^ Gj-. TTC 
AGT AGC TAT GCC ATG TCT TGG GTT CGC CAG GCT CCA GGG AAG GGG CTG 
GAG TGG GTC GCA GAA ATT AGT AGT GGT GGT AAT TAC GCC TAG TAT CAA 
GAC AC? GTG ACG GGC CGA TTC ACC ATC TCC AGA GAC AAT TCC AAG AAC 
ACC CTG TAC CTG CAA ATG AAC AGT CTG AGG GCT GAG GAC ACG GvC GTG 
?AT tS GCA AGG GAG GAC TAC GGT ATC 

TGG GGC CAA GGG ACT CTG GTC ACT GTC TCT AGT (SEQ. ID- No.. 94) 



F»amale 68: Expression of Anti-KC-4 Humanized Antibody 

Two expression vectors pAG4622 and pAH4604 (Coloma. M J., el al. 
{1992). supra) were used that were developed and provided by S.L. Morrison 
(Dept. of Microbiology and Molecular Genetics, UCLA). Any cDNA encoding a 
signal peptide and either the variable heavy chain or the variable light chain can, 
in principle, be insened into these vectors resulting in a construction that 
encodes an IgGl, K, antibody with human constant regions. Correaty modified 
20 cDNAs were excised from pCRIOOO with EcoRV and Sal I and insened into 
PAG4622. These encode the modified light chain. The wild-type heavy chain 
was similariy excised from pCRIOOO by digestion with EcoRV and NhEI and 
inserted into pAH4604. The restriction and ligation reactions necessary to 
accomplish these operations were performed under the conditions stipulated by 
25 the enzyme manufacturers (New England Biolabs. Beverfy. MA). Both the 
vectors and the inserts were purified from an agarose get prior to ligation, using 
the Biol 01 (La Jolla. CA) GeneClean kit (glass beads). The and regions 
in the final constructions were sequenced once again to verify that they were 
correCT. The non-producer myeloma celMine SP2/0-Agl 4, ATCC: CRL 1581. 
30 (Shulman M.. et at. (19781. supra) was transfected with both plasmid 
constructions, and antibody producers were isolated following the 
recommendations outlined in Coloma et al. (Coloma, M.J. et al. (1992). supra) 
except that selection was done only for the uptake of hisD (by adding 5 mM 
histidinol to the medium and readjusting the pH to 7.4 with NaOH). Usually after 
35 ten days, stable transfectant colonies were established at a frequency of 
approximately 10' to lO^. Colonies were then transferred to normal medium 
(without histidinol). The cuhure media were either Dulbeco's modified Eagle's 
medium (DME): fetal bovine serum (FBS). 90:10. v/v. or a mixture of 
DME:RPMI:FBS. 45:45:10. v/v/v. Penicillin and streptomycin were added to 
AO prevent bacterial growth. 

The supernatanis from stable transfectants were assayed for the 
presence of the antibodies. This was done by capturing the secreted chimeric 
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antibody with a plate-bound < ai anti-human-kappa chain antibody and 
developing with goat anti-humah-i .-mma chain antibody, essentialty as described 
previously (Coloma. M.J. (1 992), i»uorat except that the secondary antibody was 
radiolabeled with '"I. The supernatants were also assayed for binding to human 
5 milk fai globule (HMFGI as described previously (Ceriani R.L.. et al.. "Diagnostic 
Abiirty of Different Human Milk Fat Globule Antigens in Breast Cancer', Breast 
Cancer Res. Treat., 15:161-174 (19901). HMFG is bound to the microtiter 
plates as described previousty (Ceriani, R.I. (1984). supra). Usually most colony 
supernatants were posrtive by both assays. Colonies that secrete the 

10 highest level of antibody in the supernatants. as determined by these assays, 
were subcloned and subsequently adapted to serum-free medium for the 
purification of antibody. Serum free medium contains HL-1 supplement as 
directed by the manufacturer (Ventrex Labs.. Portland, MEl. 



Example 69 : HaH Humanaed-Half Chimeric ami-KC-4 Antibody 
) 15 An 8nti-KC-4 humanized light chain was paired with an anti-KC-4 non- 

humanized chimeric heavy chain by co-transfection of SP2/0-A914 myeloma 
cells with hybrid plasmids carrying the respective DNA sequences and those of 
a human F, . The cell line obtained, HuKC-4Vl was deposited with the ATCC on 
September 23, 1993 and awarded an accession number HB 11454, 
20 tn addition, an anti-KC-4 humanized heavy chain was paired whh an anti- 

KC-4 non-humanized chimeric light chain as described in Example 69 above. The 
thus obtained cell, HuKC-4V3 was deposited with the ATCC on September 23. 
1993 and awarded an accession number HB 1 1456. 



Example 70 : Fully Humanized Bnti-KC-4 Antibody 
25 An anti-KC-4 fully humanized antibody was prepared by pairing fully 

humanized anti-KC-4 light and heavy chains by co-transfection as described in 
Example 69 above. The cell lino, HuKC-4V2, was deposited with the ATCC on 
September 23, 1993 and awarded the accession number HB 11455. 



Example 71 : Determination of Affiroty Constants for Half 
30 and Fully Humartized Bnti-KC-4 Antibodies 

The secreted half humanized antibodies and the fully humanized antibody 
were purified from culture supernatants using a Sepharose 4B-protein A column 
(Bio-Rad. Richmond. CA.) as described by Ey et al. (Ey. P.L. et al. (1978), 
supra). Microtiter plates (Dynatech. Chantilly, VA) were prepared as described 
35 by Ceriani et al. (Ceriani. R.L./et al. (1992). supra) using successive layers of 
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methylated BSA. glutaraldehvOe. .mi-ff-galactosid.se and xu< Oacerial fusio: 
protein 11-2 (a hybrid of ^-galactosidase and human mammary mucinl. Each 
well contained 388 ng of the 11-2 fusion protein. To each well were added 2S 
^ '»! .KC-4 in RIA buffer (10 % bovine calf serum. 0.3% triton X-100. 0.05 % 

5 sodium azide pH 7.4. in phosphate buffer saline) and compete with 25 ^ of 
either unlabeled murine or chimeric antibody in RIA buffer at the f.nal 
concentrations of 130 pM. 850 pM. 1.3 nM. 4 nM. and 13 nM). lodinations 
were performed with "'I (17 Ci/mg, Nordion Intemationall. 50 n «nt.-KC-4 
monoclonal antibody (Coulter. Hialeah. FL) were labeled a. a specifie activity of 

,0 9.56 mCi/mg using the chloramine T method as described previously by Cenan, 
et al. (Ceriani, R.L., et al. (19881, supra). 

The antibodyamigen affinity constants were determined by taking the 
reciprocal of the concentration of competing unlabeled monoclonal antibody that 
produced SO % binding as described by Sheldon et al. (Sheldon. K.. et al. 

,5 (1987). supra). The protocol used to determine affinity constants was as 
described above except that in each case, an unlabeled antibody competed for 
binding to the antigen against, the same radiolabeled antibody. The fully 
humanized antibody was shown to compete about as well or better with the 
anti-KC-4 murine antibody for the KC-4G3 antigen. 

20 Polyacrylamide gel elearophoresis was performed to insure that the 

antibody chains migrated as expected. The affinity binding constants of the 
murine, chimeric, half humanized and humanized antibodies were determined ,n 
independent competition assays. 

gxamnle 72 : Histcchemieal Specificity of Half and Fully 
25 Humanized anti-KC-4 Antibodies -.......-hninue of 

immunohistochemical staining using the immunoperox,dase techn.Que of 

consecutive human breast carcinoma tissue sections was used as a test to venfy 

that the analogue antibodies retain the affinity for the ICC-4G3 carcinoma antigen 

of the murine antibody. Breast carcinoma tissue sections were stained w..h the 

,0 supernatant of the •CC-4 murine and fully humanized transfected cells using the 

Vectastain ABC method (Vector Labs. Burlingame. CA). Both antibodies showed 

Strong staining panems. 

The following Table 54 shows the resulu of the immunop.ro»das. 
staining of five human breast carcinomas with either the standard anti-KC-4G3 
35 murine or the fully humanized anybodies. Both stained the same rssues at a 

comparable level. 
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Table 54 - immune peroxidase Staining of Human Breast 

Carcinoma Tissue Sections with Murine and 
Fully Humanized Bnti-KC-4 Antibodies 



Breast Tumor 



Murine Antibodv FuHy Human.zeo Anxibody 



1 

+++ +++ 



+ + + 



10 ExamoifiJZl: Binding to HMFG of Half Humanized and 

■ ^ Fully Humanized enti-KC-4 Antibodies 

Tissue culture supernaiants from transfectants of all three anti-KC-4 

variants of the humanized antibody were shown to bind the human milk fax 

globule (HMFG) as determined by radio-lmmunodeiections. 

) 15 Examole 74 : HaK Humanized and Fully Humanized 

anti-KC-4 Antibodies Bind to Goat 

anti-Human d at y Antibodies 
Tissue culture supernatants from transfectants of all three variants of the 
anti.KC.4 humanized antibody were shown to bind in sandwich 
20 radioimmunodetections to both goat ann-human kappa chain antibody bound to 
microtiterptate wells t750ng/well). and to radio-iodinated '"Mabeled goat 
anti-human gamma chain antibodies. 

The results of these sandwich assays demonstrate that both chains of 
the humanized antibodies indeed possess human kappa and gamma constant 
25 regions. 

gjtamole 7S : Deduced Amino Acid Seouences of Humanized 

anti-KC-4 Variable Ught and Heavy Chains 
The amino acid sequences of the light and heavy chains of the analogue 
. humanized antibody are shown in Tables 55 and 56 below. The actual amino 

^ 30 acid sequences may be varied eKher to increase affinity for the antigen or to 

decrease immunogenicity in humans. Numerous variants of this sequence may 
be engineered in accordance with the invention. 
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Table 55: Humanized anti-KC-4 Antib: y V i^nalogue .leauence 



8nti-KC-4 Vi Ffl.HZ 
MKLPVRLLVL MFWIPASSSD VLMTQTPLSL PVTPGEPASI SCRSSQSIVH 
SNGNTYLEWY LQKPGQSPQL LIYJCVSIRFS GVPDRFSGSG SGTDFTLKIS 
5 RVEAEDVGIY YCFOGSHVPY TFGGGTKLEl K (Sea. ID No: 95) 



Table 56: Humaniied Bnti-KC-4 Antibody Analogue Sequence 

anti-KC-4 Vh FR-HZ 
MDFGLSLVa VLIIKGVQCE VQMVESGGGL VQPGGSLRLS CAASGFAFSS 
10 YAMSWVRQAP GKGLEWVAEI SSGGNYAYYQ DTVTGRFTIS RDNSKryfTLYL 
QMNSLRAEDT AVYYCAREDY GIPAWFAYVVG QGTLVTVSS (Seq. ID No: 96) 



Example 76 : HaH Humanizcd-Half Chimeric anti-BrE-3 Antibodies 

A humanized BrE-3 light chain was paired with a non-humanized chimeric 
15 BrE-3 heavy chain by co-transfection of SP2/0-Agl4 myeloma cells with hybrid 

plasmids carrying the respeCTive DNA sequences and those of a human F, . The 

cell line obtained. HuBrESVI, was deposited with the ATCC on November 10, 

1993 and awarded an accession number HB . 

In addition, a humanized BrE-3 heavy chain was paired with a non- 
20 humanized chimeric BrE-3 light chain as described in Example 69 above. The 

thus obtained cell, HuBrE3V3 was deposited with the ATCC on November 10. 

1993 and awarded an accession number HB . 



Example 77 : Fully Humanized BrE-3 Antibody 

The fully humanized BrE-3 antibody was prepared by pairing fully humanized 
25 BrE-3 . light and heavy chains by co-uansfection as described in Example 69 
above. The thus obtained cell line. HuBrE3V2. was deposited with the ATCC on 
November 13. 1992 and awarded the accession number HB 1 1 1 1200. 



Example 78 : Half Humanized and Fufly Humanized 
BrE-3 Antibodies Bind to Goat 
30 anti-Human r or r Antibodies 

Tissue culture supematanis from transfectanis of all three variants of the 
humaniied BrE-3 antibody were shown to bind in sandwich 
radioimmunodetections to both goat anti-human kappa chain antibody bound to 
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microtixerDlaTe wells I750ng/well). and to radio-iodinated ^"l-labeleo goat 
anti-human gamma chain antibodies. 

The results of these sandwich assays demonstrate that both chains of the 
humanized antibodies indeed possess human kappa and gamma constant 
5 regions. 

Example 79 : Binding to HMFG ol Half Humanized and 
Fully Humanized BrE>3 Antibodies 
Tissue culture supematants from transfectants of all three BrE-3 variants of 

the humanized antibody were shown to bind the human milk fat globule (HMFG) 

10 as determined by radio-immunodeteciions. 

Example 80 : Competition Assays and Determination of Affinity 
Constants for Half Humanized BrE-3 Antibodies 
The secreted half humanized antibodies were purified from culture 

supematants using a Sepharose 4B-protein A column (Bio-Rad. Richmond, CA.) 

IS as described by Ey et at. (Ey. P.L.. et at. (197B), supra). The fully humanized 

antibody (HuBrES V2) was not purified. Its concentration in the culture 

supernatant was determined by radioimmunodetection using a plate-bound goat 

anti-human kappa chain antibody as a capturing antibody and using radiotabled 

goat anti'human gamma chain antibody as a detecting antibody. A parallel 

20 standard curve of human IgGiir was used to determine the unknown 

concentration of HuBrE3 V2. Microtiter plates (Dynatech, Chantilly, VA) were 

prepared as described by Ceriani et al. (Ceriani, R.L., et al. (1992). supra) using 

successive layers of methylated BSA, glutaraldehyde. antr-^-galaaosidase and 

the bacterial fusion protein 11-2 (a hybrid of ^-galactostdase and human 

25 mammary mucin). Each well contained 388 nanograms of the 11-2 fusion 

protein. To each well were added 25 fA -BrE-3 in RIA buffer (10 % bovine 

calf serum, 0.3% trrton X-100. 0.05 % sodium azide pH 7.4. in phosphate 

buffer fialine) and competed with 25 ^ of either unlabeled murine or humanized 

antibody in RIA buffer at the final concentrations of 130 pM, 850 pM. 1 .3 nM, 

30 4 nM, and 13 nM). lodinations were performed with (17 Ci/mg, Nordion 

International}. 50 //g BrE-3 monoclonal antibody (Coulter, Hialeah. FUl were 

labeled at a specific activity of 9.55 mO/mg using the chloramine T method as 

described previously by Ceriani et al. (Ceriani, R.L. et al. (1988), supra). 

All humanized versions of the BrE-3 antibody were shown to compete 

35 about as well or better with the labeled murine BrE-3 antibody for the antigen as 

did the murine BrE3 antibody. The protocol used to determine affinity constants 

was as described above except that in each case, an unlabeled antibody 

competed for binding ic the antigen against the same radiolabeled antibody. The 

antibody-antigen affinity constants were determined by taking the reciprocal of 
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The concentration o* competing untabe d monoclonal antibody that oroduced 50 
% binding as descrioed by Sheloon et dL (Sheldon, K.. et af. I1987J. supral. 

Polyacrytamide gel electrophoresis was performed to insure that the 
antibody chains migrated as expected. The aftinrty binding constants of the 
murine, chimeric, half humanized and humanized antibodies were determined in 
independent competition assays. 



Example 81 : Histochemical SpecJficity of Half 
Humanized BrE-S Antibodies 
immunohistochemical staining using the immunopeToxidase technique of 

10 consecutive human breast carcinoma tissue sections was used as a test to verify 
that the analogue antibodies retain the affinrty for the carcinoma antigen of the 
murine BrE-3 antibody. Breast carcinoma tissue sections were stained with the 
supernatant of cells transfeaed with the HuBrES VI humanized antibody using 
the Vectastain ABC method (Vector Labs, Buriingame, CA). Both antibodies 

15 showed strong staining panems. 

The following Table 57 shows the results of the immunoperoxidase 
staining of five human breast carcinomas with either the standard BfE-3 murine 
or the half humanized HuBrE3 VI antibody. Both stained the same tissues at a 
comparable level. 



Table 57 : Immunoperoxidase Staining of Human Breast 
Carcinoma Tissue Sections with Murine end 
HaH Humanized BrE-3 Antibodies 



Breast Tumor 
1 
2 
3 
4 
5 



Murine Antibody 
+ + 
+ + + 

4 4 
+ 44 



Half Humanized Antibodies 



4 4 
•♦•4 4 



4 4 
4 4 4 



Example 82 : Hybridoma CeD Oapotfts 

The following cell fines were deposited as present examples of the best 
mode of the invention. The hybridoma cell lines expressing the murine-human 
fully chimeric BrE-3 and anti-KC4 antibodies and the fully humanized BrE-3 
antibody were deposrted with the ATCC on November 13,1992 under the 
Budapest Treaty, and have been assigned Accession Nos. HB 11 1 99 (Chimeric 
BrE-3 A1 ClOJ. HB 11 201 (Chimeric anti-KC-4 1E81 and HB 1 1200 (Humanized 
BrE-3 A1C10). The hybridoma cell line expressing the anti-KC-4 humanized 
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antibody was deoosiied with the ATCC on Seotember 23. 1993 and has been 
assigned Accession No. HB 1 1 455 {Humanized HuKC-4 V21. The half chimeric/ 
half humanized antibody cell lines deposited with the ATCC are as follows: 
ATCC No. HB 11454 (light humanized/ heavy chimeric chains, HuKC-4Vl) and 
ATCC No, HB 11456 (Heavy humanized/ fight cnimeric chains. HuKC-4V3l were 

deposited on September 23. 1 993, and ATCC No. HB (light humanized/ 

heavy chimeric chains. BrE3Vl) and ATCC No. HB (heavy humanized/ 

light chimeric chains. BrE3V3l were deposited on November 10. 1993 under the 
Budapest Treaty as examples of the best mode of the invention known to the 
inventors. 

The invention now being fully described, a will be apparent to one of 
ordinary skill in the art that many changes and modifications can be made 
thereto without departing from the spirit or scope of the invention as set forth 
herein. 
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WHAT IS CLAIMED AS NOVEL AND UNOBVIOUS AND 
DESIRED TO BF PATENTED IN LETTER S PATENT IS: 

1 . A pure, isolated analogue peptide which selectively binds to an 

antigen that is present on the surface or in the cytoplasm of a neoplastic 
cell or that is released by the ceil, the peptide being selected from the 
group consisting essentially of at least one CDR of the light or heavy 
chain of an antibody of a first species having affinity and specificity for 
the human mammary fat globule (HMFG) antigen and an antigen found on 
the surface or the cytoplasm of a neoplastic cell or that is released by the 
cell; at least one variable region of the light or heavy chains of an 
antibody of the first species having affinity and specificity for the HMFG 
antigen and an antigen found on the surface or the cytoplasm of a 
neoplastic cell or that is released by the cell, wherein about 1 to at least 
> 46 amino acids in the FRs are substituted per chain with amino acids 

seleaed from the group consisting of amino acids present in equivalent 
positions in. antibodies of a species other than the first species, or 
fragments thereof comprising 1 to 3 CDRs per chain and flanking regions 
thereof, each of about 1 to at least 10 amino acids, alone or with an N- 
terminal fragment of about 1 to at least 10 amino acids: combinations 
thereof, wherein each analogue peptide is operatively linked to at least 
one other variable region peptide or analogue thereof; and mixtures 
thereof. 

2. The anti-neoplastic analogue peptide of claim 1. wherein the 
antibody of the first species is selected from the group consisting of 
murine, rat," goat, rabbit, canine, primate, guinea pig. bovine, equine, 
feline and porcine antibodies. 

3. The anti-neoplastic analogue peptide of claim 1 , being able to 
^ compete with the antibody secreted by the hybridoma cell ATCC No. HB 

10028 for the human mammary fat globule antigen. 

4. The antineoplastic analogue peptide of claim 1. having an 
amino acid sequence selected from the group consisting of amino acid 
Sequence ID Nos: 67 through 73: amino acid Sequence ID Nos: 75 
through 61 ; fragments thereof comprising at least one CDR or one CDR 
and two flanking regions thereof per chain: combinations thereof, wherein 
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each analogue peptide is ooeratively linked to at least one oihe- analogue 
peptide: and 
mixtures thereof. 

5. A glycosyiated analogue peptide selectively binding to an 
antigen present on the surface or in the cyToplasm of a neoplastic cell or 
that Is released by the cell, comprising the analogue peptide of claim 1 ; 
and at least one glycosyl residue operatively linked to the peptide. 

6. A composition of matter, comprising the analogue peptide of 
claim 1 : and a earner, 

7. A diagnostic kit for the in vivo therapy of neoplasms, 
comprising the composition of claim 6 in pharmaceutically-acceptable 
form; and instructions for its use. 

8. The kit of claim 7, further comprising a molecule capable of 
} selectively binding the analogue peptide and comprising an effector agent 

operatively linked thereto. 

9. The kit of claim 7. wherein the effector agent comprises a 
molecule selected from the group consisting of therapeutic, immunogenic 
and diagnostic agents, radioisotopes. DNA monomers, RNA monomers, 
chemical linkers, transminer molecules, combinations thereof, and 
combinations thereof with peptide and non-peptide polymers or 
copolymers. 

10. An in vitro carcinoma diagnostic kit, comprising the 
composition of claim 6; a solid suppon having operatively linked thereto 
an antigen which selectively binds to the analogue peptide; and 
instructions for its use. 

1 1. The kit of claim 10. further comprising a molecule capable of 
J selectively binding the analogue peptide and comprising an effector agent 

operatively linked thereto. 

12. The diagnostic kit of claim 10. further comprising' anti- 
constant region immunoglobulins, protein G, protein A, other antibody 
binding molecules or binding fragments thereof. 

1 3. A hybrid analogue polymer, comprising at least one analogue 
pepttde.of claim 1 and at least one effector agent operatively linked to the 
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peptide;, combinaiions thereof: and mixtures tnereof. 

1 4. The hybrid analogue polymer of claim 1 3. wherein the effector 
agent is selected from the group consisting of monomers, and non- 
peptide and peptide polymers other than the constant region of an 
antibody of the same species. 

1 5. The hybrid analogue polymer of claim 1 3, wherein the effector 
agent comprises a radioisotope, an enzyme, or a phosphorescent or a 
fluorescent label. 

1 6. The hybrid analogue polymer of claim 14. wherein the effector 
agent comprises a molecule selected from the group cor\sisting of 
therapeutic, immunogenic and diagnostic agents, radioisotopes, 
phosphorescent . and fluorescent agents, enzymes. DNA and RNA 
monomers, chemical linkers, transmitter molecules, combinations thereof, 
and combinations thereof with peptide end non-peptide polymers or 
copolymers. 

1 7. The hybrid analogue polymer of claim 1 4. wherein the effector 
agent comprises a non-peptide polymer selected from the group 
consisting of ester, ether, vinyl, amido, imido. alkylene. arylalkylene. 
cyanate. urethane. and isoprene polymers, halogenated polymers. DNA 
and RNA polymers, copolymers thereof, and copolymers thereof with 
peptide polymers or monomers. 

1 8. The hybrid analogue polymer of claim 14. wherein the effector 
agent comprises a peptide polymer selected from the group consisting of 
the constant region of antibodies or fragments thereof, the CDRs or 
variable regions of antibodies, whole antibodies. Fab and Fab', (Fab')„ 
or antibody fragments of a species other than the first species, analogues 
thereof, hormones, enzymes, peptide uansminers, combinations thereof, 
and combination thereof with non-peptide polymers, copolymers or 
monomers. 

19. The hybrid analogue polymer of claim 18, wherein the 
analogue peptide comprises amino acid sequences of non-human origin; 
and the peptide polymer comprises at least one constant region of the 
light or heavy chains of a human antibody or fragments thereof capable 
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of binding to anti-constant region imnr loglobulins, protein G or protein 
A or other antibody binding molecules 

20. The hybrid analogue polymtr of claim 1 9. being selected from 
the group consisting of an analogue peptide comprising two heavy and 
two light chains, each light and heavy chain comprising at least one non- 
human CDR or analogue variable region peptide and at least one human 
constant region or fragment thereof; at least one human-non-human 
analogue Fab, Fab', or (Fab')i fragment thereof; fragments 
thereof;combinations thereof; and mixtures thereof. 

21 - The hybrid analogue polymer of claim 20. wherein each pair 
of the analogue heavy and light chains has a different predetermined 
specificity. 

22. The hybrid analogue polymer of claim 13, wherein the 
analogue peptide and the effector agent are operatively linked by a 
polymer. 

23. The hybrid analogue polymer of claim 1 3, being selected from 
the group consisting of at least one COR or analogue variable region of 
the heavy chain of a first antibody of the first species or fragment thereof 
comprising at least one CDR and two flanking regions thereof and a first 
effector agent; at least one CDR or analogue variable region of the light 
chain of a second antibody of the first species or fragments thereof 
comprising at least one CDR and two flanking regions thereof, and a 
second effector agent, wherein each chain has a predetermir>ed 
specificity; combinations thereof; and mixtures thereof. 

24. The hybrid analogue polymer of claim 13, wherein at least 
one first pair of light and heavy chains comprising at least one CDR or 
analogue variable region or fragments thereof is linked to at least one 
second pair of the analogue light and heavy chains comprising at least 
one CDR or one analogue variable region or fragments thereof. 

25, An anti-carcinoma composition, comprising the hybrid 
analogue polymer of claim 13; and a carrier. 

26. An In vivo carcinoma therapy and diagnosis kit, comprising 
the anti-carcinoma composition of claim 25 in pharmaceutically- 
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acceptable form; and instructions for its use. 

27. The kit of claim 26. further comprising a molecule capable of 
selectively binding the analogue peptide and comprising an effector agent 
operatively linked thereto. 

28. The kit of claim 27. wherein the effector agent comprises 8 
molecule selected from the group consisting of therapeutic, immunogenic 
and diagnostic agents, radioisotopes. DNA monomers, RNA monomers, 
chemical linkers, transmitter molecules, combinations thereof, and 
combinations thereof with peptide and non-peptide polymers and 
copolymers, 

29. A diagnostic kit for carcinomas, comprising the anti-carcinoma 
composition of claim 25; a solid suppon having operatively linked thereto 
an antigen which specifically binds to the hybrid analogue peptide; and 
instructions for its use. 

30. The kit of claim 29, further comprising a molecule capable of 
selectively binding to the hybrid analogue polymer, the molecule having 
an effector agent operatively linked thereto. 

31. The diagnostic kit of claim 29, further comprising anti- 
constant region immunoglobulins, protein G, protein A, other antibody 
binding molecules or binding fragments thereof. 

32. A method of determining the presence of neoplastic cells in 
a tissue, comprising contacting a tissue suspected of comprising 
neoplastic cells with the anti-neoplastic analogue peptide of claim 1 and 
allowing the analogue peptide to bind to antigen associated with any 
neoplastic cells present in the tissue to form an analogue peptide-cell 
antigen complex; and 

detecting the presence of any complexes formed. 

33. An in vitro method of determining the presence of neoplastic 
cells in a tissue comprising the method of claim 32. wherein the tissue is 
excised from a subject prior to being contacted with the analogue peptide 
in vitro. 

34. An in vitro method of diagnosing a neoplasm comprising the 
method of claim 33. and comparing the results with a standard cut-off 
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value determined by c -nparing results obtained for normal and neoplastic 
samples, wherein a esuit above the cut-off value is diagnostic of a 
neoplasm. 

35. The in vitro method of diagnosing a neoplasm of claim 34, 
conducted by contacting a biological sample obtained from a subject 
suspected of having a neoplasm with a known amount of the anti-tumor 
analogue peptide of claim 1 in the presence of a solid supported antigen 
molecule that is selectively bound by the analogue peptide and allowing 
the formation of solid supported analogue peptide-antigen molecule 
complexes and analogue peptide-sample antigen complexes with any 
neoplastic cell antigen present in the sample; detecting any complex 
formed between the analogue peptide and the solid supported neoplastic 
antigen: and comparing the result obtained with the standard cut-off 

) value. 

36. An in vivo method of imaging a neoplasm present in a subject, 
comprising the method of claim 32. wherein a pharmaceutically- 
acceptable composition comprisirtg an effective amount of the analogue 
peptide in radiolabeled form to reach the neoplasm and bind thereto is 
administered to a subjea suspected of having a prirhary or metastasized 
neoplasm; and the detection is of any binding of the labeled 
analogue peptide to the antigen on the surface or in the cytoplasm of the 
neoplastic cells. 

37. An in vivo method of diagnosing the presence of a neoplasm 
in a subjea comprising the method of claim 36, and comparing the 
results with a standard cut-off value determined by comparing results 
obtained for normal and neoplastic samples, wherein a result above the 

j cut-off value is diagnostic of a neoplasm. 

38. A method of inhibiting the growth or reducing the size of a 
primary or metastasized neoplasm in a subject comprising administering 
to a subject in need of the treatment an effective amount of the anti- 
tumor composition of claim 25 in pharmaceutically-acceptable form, 
wherein the effector agent comprises a therapeutic agent. 

39. The method of claim 38, further comprising administering to 
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the subject a molecule capable of selectively binding to the analogue 
peptide and having an effector agent operaiively linked thereto. 

40. A method of purging neoplastic cells from a biological fluid, 
comprising the method of claim 32: and separating any analogue peptide- 
cell complexes present from the remainder of the fluid, 

41. An ex vivo method of purging neoplastic cells from a 
biological sample obtained from a subjea. comprising obtaining a 
biological sample from a subject suspected of having a neoplasm: 
conducting the method of claim 40 with the biological sample: and 
replenishing the purged biological sample to the subject. 

42. An in vitro histochemical method of assessing the presence of 
neoplastic cells in a tissue, comprising obtaining from a patient suspected 
of having a neoplasm a tissue sample and preparing therefrom a tissue 
substrate: contacting the tissue substrate with the analogue peptide of 
claim 1 and allowing the analogue peptide to bind to any neoplastic cells 
present therein: and detecting the presence of any complexes formed. 

43. A hybridoma cell expressing the analogue peptide of claim 1, 

44. The hybridoma cell of claim 43, having the ATCC No. HB 
11200. 

45. The hybridoma cell of claim 43, having the ATCC No. HB 
11455. 

46. The hybridoma cell of claim 43, having the ATCC No. HB 
11454. 

47. The hybridoma cell of claim 43. having the ATCC No. HB 
11456. 

48. The hybridoma cell of claim 43, having the ATCC No. HB 
(HuBrE3V1). 

49. The hybridoma cell of claim 43, having the ATCC No. HB 
(HuBrE3V3). 

50. A composition, comprising the hybridoma cell of claim 43, and 

a diluent or carrier. 

51. A pure, isolated analogue polydeoxyribonucleotide. comprising 

an analogue oligodeoxyribonucieotide encoding the analogue peptide of 
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claim 1 . 

52. The analogue polydeoxyribonucleotide of claim 51. wherein 
the analogue oligodeoxyribonucleotide comprises a ONA sequence 
selected from the group consisting of DMA Sequence ID No: 64; ONA 
Sequence ID No: 65; fragments thereof encoding at least one CDR or one 
CDR and two flanking regions per chain; redundant DNA sequences 
thereof; combinations thereof; and mixtures thereof. 

53. A hybrid veaor, comprising a vector having the analogue 
polydeoxyribonucleotide of claim 51 operatively linked thereto. 

54. The hybrid vector of claim 53, further comprising a 
polydeoxyribonucleotide comprising anoligodeoxyribonucleotide encoding 
an effector peptide, the effector peptide-encoding 
polydeoxyribonucieotide being operatively linked to the vector. 

55. A transfected host cell, carrying the hybrid analogue vector 
of claim 53. 

56. A pure, isolated analogue polyribonucleotide, comprising an 
analogue oligoribonucleotide encoding the analogue peptide of claim 1 . 

57. A method of producing an analogue peptide which specifically 
binds to an antigen on the surface or in the cytoplasm of neoplastic cell, 
or is released by the cell, comprising a) cloning the analogue 
polydeoxyribonucleotide of claim 40 into a vector to form a hybrid vector; 

bl transfecting a host cell with the hybrid vector and allowing the 
expression of the analogue peptide: and c) isolating the analogue peptide 
or mixtures thereof. 

58. The method of claim 57, further comprising site-specifically 
modifying the codon of at least one amino acid in the framework region 
of a non-human antibody prior to step a) to obtain the analogue 
polydeoxyribonucleotide. 

59. The method of claim 57, wherein steps a) and W are 
conducted by cloning analogue polydedxyribonucleotides encoding 
analogue peptides selerted from the group consisting of at least one CDR 
or analogue variable region of the first species or fragments thereof 
comprising at least one CDR and two flanking regions of the heavy or 



106 



wo 94/11509 



PCr/US93/i:44S. 



light Chains of the antibody of the first soecies: and the method further 
comprises d) allowing the expressed analogue peptides to interact with 
one another to form double chains. 

60. A method of producing a hybrid analogue peptide comprising 
an analogue peptide which specifically binds to an antigen on the surface 
or in the cytoplasm of a carcinoma cell or to an antigen released by the 
cell and an effector peptide, the method comprising a) transfecting a host 
cell with the hybrid analogue vector of claim 54 and allowing the 
expression of the anti-carcinoma hybrid analogue peptide; and b) isolating 
the anti-carcinoma hybrid analogue peptide or mixtures thereof. 

61. An anti-idiotype polymer, comprising polyclonal antibodies 
raised against anti-tumor antibodies or the analogue peptide of claim 1: 
monoclonal antibodies thereof capable of specifically binding the anti- 
neoplasm antibody; fragments thereof selected from the group consisting 
of CDRs. Fab. Fab', (Fab'lj. variable regions, and fragments thereof: 
analogues thereof selected from the group consisting of antibodies. Fab. 
Fab', (Fab'l, , and variable regions wherein about 1 to at least 46 amino 
acids in the FR are substituted per chain with amino acids selected from 
the group consisting of amino acids present in equivalent positions in 
antibodies of species other than the first species, or fragments thereof 
comprising 1 to 3 CDRs per chain and flanking regions thereof, each of 
about 1 to at least 10 amino acids, alone or with an N-terminal fragment 

of about 1 to at least 10 amino acids; combinations thereof, and • 
combinations thereof with an oligopeptide comprising the amino acid 
sequence APDTRPAPG or fragments thereof comprising the TRP trimer 
hexamers thereof comprising the trimer. or tandem repeats thereof, 
wherein each analogue peptide is operativeiy linked to at least one other 
analogue peptide; and mixtures thereof. 

62. A hybrid anti-idiotype polymer, comprising the anti-idiotype 
polypeptide of claim 61; and an effector agent operativeiy linked to the 
anti-analogue idiotype polypeptide. 

63. An anti-carcinoma vaccine, comprising the anti-idiotype 
polypeptide of claim 61; and a pharmaceutically-acceptable carrier. 
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64. The anti-carcinoma vaccine of clain. 63. in unit do* . form. 

65. A anti-tumor vaccination kit , comprising the vaccine of claim 
63 and a diluent in separate sterile containers; and instructions for its use. 

66. A method of vaccinating against neoplasms comprising 
administering to a subject an effective amount of the composition of 
claim 63. 

67. The vaccination method of claim 66. wherein the anti-idiotype 
polypeptide is administered in an amount of about 0.1 to 5000.00 ;/g/kg 
body weight/dose. 

68. A method of lovyering the serum concentration of a circulating 
antibody or polypeptide that binds to an antigen on the surface or in the 
cytoplasm of a carcinoma cell or that is released by the cell, comprising 
administering to a subject in need of the treatment a pharmaceutically- 
acceptable composition comprising an amount of the anti-tdiotype 
polypeptide of claim 61 effective to bind the circulating antibody or 
polypeptide end accelerate its clearance. 

69. The method of claim 68, wherein the anti-ideotype peptide is 
administered in an amount of about 0.01 to 5.000.00 mg/kg body 
weight/dose. 

70. A method of inhibiting the growth or reducing the size of a 
primary or metastasized carcinoma tumor in a subject, comprising 
administering to the subject an effective amount of a pharmaceuiically- 
acceptable composition comprising an anti-carcinoma hybrid polymer 
comprising an effector agent selected from the group consist of 
radioisotopes and therapeutic drugs, and an anti-carcinoma polypeptide 
which specifically binds to an antigen on the surface or in the cytoplasm 
of a carcinoma cell or that is released by the cell; allowing the hybrid 
polymer to reach the tumor and the anti-carcinoma polypeptide to bind 
thereto; and administering to the subject a pharmaceutically-acceptable 
composition comprising an amount of the anti-idiotype polypeptide of 
claim 61 effective to bind any residual or unbound circulating anti- 
carcinoma hybrid polypeptide and accelerate the clearance of the hybrid 
polymer. 
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